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BBeneHue

Teopun npuxoAsT U yXOHsT,
a MPUMEPBHI OCTAIOTCA.
U M.Tenvghano

[Taker Origin mMIUPOKO TMPUMEHSETCS HCCIIENOBATEISIMUA BCETO MUpa s
00pabOTKH M BHU3yalM3aIMK IKCIIEPUMEHTANBHBIX JaHHBIX. [lakeT moms3yrorcs
3aCITy’)KEHHOU TOIMYJSIPHOCTHIO CPEIM YUEHBIX M B HAIlIEH CTpaHe, CYIIECTBEHHO
obJerdasi TpyZI0eMKUN TIpoI1iecc o0paboTKU AAHHBIX W UX MOATOTOBKH IS MyO-
mukammid. K coxanennro, Ha pyCCKOM SI3bIKE MTPAKTUYECKH OTCYTCTBYET JIMTEPA-
Typa, KOTOPYIO MOKHO ObLIO ObI MCIIOJIB30BATh AJiI OOy4YE€HHUsI CTYJEHTOB (pu3u-
YECKUX U POJCTBEHHBIX CHEIMAIbHOCTEH OCHOBHBIM MpHUeMaM paldoThl C MaKe-
toMm Origin. EnuncTBeHHas Bbllienmas OOJIbIIUM THUPAXKOM KHUTA HA PYCCKOM
A3bIKE [2] Mao MOAXOIUT JJIsl Lesieil 00ydeHus: CTyAeHTOB-(PU3UKOB, T.K. B HEH
OTCYTCTBYIOT IIPAKTUYECKH 3HAYMMBIE MPUMEPHI, U BCE U3JI0KEHUE OPUEHTUPO-
BaHO Ha HAYMHAIOIIETO IMOJIb30BaTENsl, C1a00 OPUEHTUPYIOUIETOCS B CTaHAAPT-
HOM MeHI0. Heckonbko yueOHbIX mocoOuii mo Origin BBITYIIIEHO MaJIBIMUA THUpPa-
dKaMH YHUBEPCUTETCKUMH u3lareinbcTBaMu [3—5]. OnHAKO OHU HENOCTYIHBI
IIUPOKOMY KPYTY CTYZICHTOB U OPHEHTHPOBAHKI HA Y3KUE U CTIeU(PUISCKUE 3a-
JTa9H.

JlanHO€ yueOHO-METOIMYECKOe MOCO0Me 3HAKOMUT C METOIaMU 00pabOoTKH
U BU3YAIM3allMUd JAHHBIX (PU3NYECKHX IKCIEPUMEHTOB HA MPUMEPE PEaTbHBIX
crieKTpockonmdeckux 3amad. [locoOue sBiIseTCs MPOMOIKEHHEM HEIaBHO BHI-
memeit padbotsr [1].

EcTtecTBeHHO, 00BEM yueOHO-METOJUYECKOTO MOCOOHUS HE MO3BOJIUI CKOJIb-
KO-HUOYIb TIOJTHO OCBETUTH BCE€ BO3MOXKHOCTH Origin 1o oO0pabOTKe CIIEKTPOB,
HO 9TO U HE HYXKHO MPHU NEPBOHAYATHLHOM 3HAKOMCTBE ¢ nakeTtoM. [lonbop ma-
Tepuaya JO0JKEH CTUMYJIUPOBATH CTYIEHTOB UCIIOIb30BATh MOJIYYSHHbIE 3HAHUS
Ha IIPaKTHUKE.

Hacrosiee yueOHO-MeTOquYECKOE MOCOOUE aJpecOBaHO B MEPBYIO Ove-
penb crynenTtaM-pusukam. OIHAKO, MBI HAJIEEMCSI, YTO OHO MOXET OBITH MOJIE3-
HO TaKXe CTYJCHTAM JPYTUX €CTeCTBEHHOHAYYHBIX U WHKEHEPHBIX CIEIHATh-
HOCTEH — BCEM TE€M, KOMY TI0 POJIy CBOEH NEATEIbHOCTH MPUXOIUTCS UMETH Jie-
JI0 ¢ aHAJM30M U BU3YaJIU3allei SKCIIEPUMEHTAIBHBIX JIAHHBIX.

Ha ppiHKE MpoTrpaMMHBIX MPOIYKTOB MOKHO HAWTH MHOKECTBO KOMMEp-
YeCKUX M OECIUIaTHO PaCIpOCTPAHIEMBIX MPOTPAMM, TTO3BOJISIONIUX OOJIETYUTh
TPYJOEMKHM Tpoliecc 00pabOTKU TAHHBIX U UX MPEACTABICHUS B KOMIIAKTHOM,
yIn00HOM M HarysiiHOM Buje. HazoBeM TOJbKO HEKOTOpbIE U3 HUX: Axum, Sig-
maPlot, SmartDraw, GNUplot. Kaxnaas u3 3Tux mporpaMMm UMeEeT CBOUX OoJjee
WM MEHee MHOTOYUCIEHHBIX MOKJIOHHUKOB, KOTOPHIE MPUBBIKIA K UCIOJb3Yye-
MOH mporpamme, HaAy4WIHCh peliaTh ¢ €€ MOMOIIbIO TUIOBBIE 3aJa4H, BCTpeE-
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YarOUIUECS B UX MPAKTUKE U, €CTECTBEHHO, HE OUYE€Hb OXOTHO COIJIACATCS MOTpa-
TUTh BPEMS U CUJIbI JJI1 OCBOEHMsI KAKOH-IMOO MHOM IpOrpaMMmsbl 10 TEX IOD,
[IOKa HE CTOJKHYTCA C 3a/ayeil, KOTopasi OKaKeTcsl He Mo 3y0aM MPUBBIYHOMY
nakery. KoHeyHo, cienuanucT 10JKeH ObITh CIOCOOEH pellaTh BO3HUKAIOIINE
3aJla4yl C MOMOUIbIO JHOOro JOCTYIHOTO HPOrPaMMHOTO CpPEJICTBA, OJIHAKO
Jy4ylle BCEro 3TO JAeNaTh C MOMOUIBIO CIEHHATM3UPOBAHHBIX MPOrPaMMHBIX
IPOAYKTOB, 00ECMEUNBAIONINX HAWIYYIIUN pe3ybTaT MPU MUHUMAIbHBIX 3a-
TPa4YEeHHbIX YCUIIHUSX.

OCc0OEHHOCTBIO TAHHOTO Y4€OHO-METOIUYECKOTO MOCOOUS SIBISIETCS TO,
YTO OHO IIEJIMKOM OMHPAETCS Ha peabHble 3a7aud. Mbl yOeXKIEHbI, YTO yUUTh
HY>KHO Ha KOHKPETHBIX M OCMBICIIEHHBIX MPUMEpPax, KOTOPbIE CIIOCOOHBI yOe-
JIUTh CTYJIEHTa B JEHCTBUTEIBHOM IMOJE3HOCTU IPENOJHOCUMBIX €My 3HAHUMU.
OmnbIT mpenogaBaHus yOexAaeT HaC B TOM, YTO IIPU TaKOM I0/IX0J1€, KOTOPBIN B
METOIMYECKON JIUTEPAType MPUHATO HA3bIBATh KOHTEKCTHBIM, CTYJIEHTHI C IEp-
BOT'O JK€ 3aHATHS IOJYYarOT CTUMYJ M3y4aTh IAaKeT, aKTUBHO IPUMEHSIOT €ro
IIPU BBIIOJHEHUH JJAOOPATOPHBIX pabOT U MPOBEIECHUN HAYUHBIX MCCIIEA0BAaHUM,
CaMOCTOSITEJIbHO OCBaMBAIOT JOMOJHUTEIbHBIE BO3MOXHOCTH IaKeTa, oOpalia-
IOTCSl C IPOChOaMU MOJACKAa3aTh, KAK MOYKHO PELIUTh Ty WM MHYIO BO3HUKIIYIO
y HUX 3aaady. [lockonbky Bce cryaeHTtsl 3Hakombl ¢ MS Excel, onn 6wicTpo
yOexnaaroTcst B ToM, yTo Origin — UIMEHHO TOT MHCTPYMEHT, KOTOPBIN CO3/1aH
CHEIHMANIBHO JIJIs1 (PU3HKOB.

Pemaemble 3aa4y MOCTENEHHO YCIOXKHSIOTCS U ONUPAKOTCS Ha YXKE OCBO-
CHHBIN MaTepual. TakuM o0pa3oM, H3yUeHHBI MaTepuan OKa3bIBaeTCs BOCTpe-
OOBaHHBIM MPHU U3YYEHUU HOBBIX BO3MOXKHOCTEH MaKeTa W MOCTOSHHO 3aKper-
JISI€TCS HA TIPAKTUKE.

Ha nmpoTsikeHun BCEro TEKCTa MbI CTAPAINCh ITOCIIEI0BATEIbHO 3aKpPETl-
JSTh NMPUOOPETEHHbIE 3HAHMS: YacTh PabOThl MPEJIaraeTcsl BBIIOJIHATH CaMo-
CTOATENIBHO, HOBasi MH(pOpPMAalLUsS BBOJUTCS OYEHb HEOOJBUIMMHM HOPLUSAMHU U
OMMpAETCsl Ha MOJydyEHHbIE paHee 3HaHusA. B mocobum mpuBOIATCS ympaskHe-
HUs, KOTOPBIE TOJDKHBI IOMOYb 3aKPENUTh U3YYCHHBIN MaTepHall.

ITpenmnonaraercs, 4ro y4eOHO-METOIMYECKOE MOCOOME OYIEeT MOJIE3HO
CTyIeHTaM HamnpasieHnil «Pusuka», «HanorexHomorus» u apyrux Gu3nIecKux
HAIIPaBJICHUM U CHIEHUAIBHOCTEN.
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1. UmnopTupoBaHue JaAHHBIX

B nmanHO# YacTu mocoOusi mpu M3y4eHUHM BO3MOXKHOCTel makera Origin
AHAJTM3UPOBATh M 00padaThIBaTh CIIEKTPHI BaM MPHICTCS BCE BPEMsS UMIIOPTH-
poBaTh aHHbIE. MBI YK€ ONMUCHIBAIM B MEPBOW YacT mocobus [1], kak mpous-
BOJIUTh UMITOPT JIAHHBIX, [IO3TOMY B 3TOH YaCTH MbI JIUIIIb HATIOMHUM OCHOBHBIC
IIarH.

[Tocne Toro, kak BbI 3amyctute nporpammy Origin Pro 7, u nepen Bamu
nosiBUTCs Tabnuia, B MeHto File (¢aitn) BeiOepure komanay Import / Single
ASCIl (Mmnopt / Ogunounsiii ASCII) (puc. 1.1).

" OriginPro 7 - UNTITLED - [Data1]

EEpEEN Edit Wiew Plob Column  Analysis  Statistics  Tools  Format  Window  Help =
L5 e o o8| Gl S| 38| & [AEDw) 8] 2[20] ] D] S[EE] 0]
[Z open... Chrl+0 5
2= ﬂ? Open Excel... Chrl+E _|_| _u _|_|
i e <[] | = e =]
Close ]
|—k n Save Project Chrl+S

Save Projeck As...

Save Windaow As...

Save Template As...

A
= & prie... e+
— Print Preyiew
_9 Page Setup...
&
Wl 133
— Export ASCIL.. B Multiple ASCILL..
1 Filonaloriginland-e ASCILDptons, i
2 Fi\analorigin| UMTITLED1 2 Latus (WK,
3 Fi\analorigininat, paf dBASE (DEF)...
4 Fiianalorigin} aaHHee DIF...
5 Frianalorigin| UMTITLED Thetmo Galactic (SPC)...
2 Ext MiniTab
= U| Hame Labilech... E x|
4 4
4 Epatat Sigmaplet... ksheet Kl
Sound (wWay)...
Mathematica. ..
kaleidagraph. ..
pCLAMP...
ODEC...
I b3
Read ASCII file data inko the current window Datal*

Puc. 1.1. Umnopt naHHbIX

B nosiBuBIIEMCS CTaHIAPTHOM 3ampoce UMEHH Qaiiina BIOEpUTe HYKHBIN
u Haxmute OTKpbITb (puc. 1.2). Ilocne 3Toro y Bac otoOpasuTcs Tabimia ¢
JAHHBIMH, UCIIOJIB3Ysl KOTOPYIO, BbI U Oy/J€TE BBHITIOJHATH JALHECUIIINE TEHUCT-
BUSL.
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Import ASCII
Manka: |ﬁ: Origin j £ EE-
) 0O6pazuel
] patat
[Z] Dataz
Hma dabina: |Data3 OTepeme
Tun patinoe: | * Tx=T j OTraeHa
[
[ Partial Impart Options

Puc. 1.2. OxkHO UMMOpTa TaHHBIX

Origin aBTOMaTHYeCKH B KaueCTBE MMEHHU TaOJHUIbI PUCBOUT MMs (haiiia

U UCTIOJIB3YET TEKCT U3 (haiia B KauecTBE MOMUCEH CTONOIOB.
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2. OTo0paxxeHue JaHHBIX

B ¢aiine PTOFIG3n npuBenens! TeMiiepaTypHbIe 3aBUCUMOCTH YaCTOTHI
(v) u monymupunsl (I') E (1TO) msarkoi moasl B MoHOKpucTaiie PbTiO; u mo-
JUKpUCTAUIMYECKON TieHku. mmnoptupyiite nanneie u3 ¢aiina. Heobxoaumo
0TOOpa3uTh 3TH AaHHbIe Ha rpaduke. jig 3TOro B TabJIMIIE BbIACIUTE KOJIOHKH
A(X) u Film(Y) (cm. puc. 2.1). Ilpu 3ToM yoenutech, 9T0 POiIb KOJOHKH A — X,
a ponp kosoHku B — Y. [lox tabnuuei nMmeercs naHelb HHCTPYMEHTOB, Ha KO-
TOPOM yKa3aHbl BCEBO3MOXKHBIE CIIOCOOBI OTOOpPaXEHHsI IKCIIEPUMEHTAIBHBIX
nanubix (puc. 2.1). Beibepure kHonky Scatter (Touku) (Bropas ciesa). ITocie
Ha)KaTUs Ha Hee y Bac nosiBUTCs okHO Graph 1 ¢ otoOpakeHHeM 3aBUCHMOCTH
4acTOThI MATKOM MoJibl B MOHOKpHcTaiie PbTiO; oT Temnepatypbl B BUjie TOUEK
(puc. 2.2).

i OriginPro 7 - F:lona\0rigin1\PTOfig3n

File Edit Yew Plobk Column Analysis  Statistics Tools Formakt window Help

Crystal[Y]
88

85,5

82,2

Fii]
75
72,7
69.9
[i1i]

=<|w|Of2|4

64,6
60,3

57,7

»

| o e 1| [ 8 |

L |

vl

Puc. 2.1. I1anens co BCeBO3MOKHBIMH CIIOCOOaMHU OTOOPaKEHUSI TAaHHBIX
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& OriginPro 7 - F:Yona\0rigin1\PTOfig3n

File Edit Wiew Graph Data Analysis Tools Format  Window  Help

e EEEEEEEE R IR E A =] =
o8] Bon| malta| e Eiml

2 | e 3 e S A A L Ve R TR e e i

1,
B

e &
+ 1l
@[T [=_Fim]
re
.'_: T 80 o [ ]
A |
i
[ [ |
D | g ©
Q| A = 65|
¥ &
—_ &0
50 - -
T T T T T T T T T T T
300 oo S00 [alx] 700 g00
K oAxis Title
<

| | B |l | 0| 18| | 0t | 5 | 2L

Puc. 2.2. OrobpakeHre B BUJE TOYECK 3aBUCUMOCTH YaCTOTBI MSATKOH MOJIbI
B MoHOKpucTauie PbTiOs oT Temneparypsl

Ha pucynkax 2.3 u 2.4 npencraBieHbl APYrue BapuUaHThl OTOOpaKEHUS
JAHHBIX — C TMOMOIIBIO JUHHUM (puC.2.3), U TOUYEK, COETUHEHHBIX JIMHHUEH
(puc. 2.4).

Graphi
!

W bxis Title

T y T E T E T E T y T
300 oo 00 G600 700 a00
X oAxis Title

Puc. 2.3. Ilpumep rpaduka Tuna Line (muHMs)

9



© Hcakona O.I1., Tapacesuu 1O.1O., 0310k FO.1, 2007

Graph |:| |E| El
L
a0 - ] _-"‘\_.‘_\_\_H.
i
3 - H“‘x._-
™
N -
m
E 55 \\.
2
= 60 \
55 4 L-
50 ] - | |
T T

T T T T
300 [0]e) 00 &00 700 00
H Axiz Title

Puc. 2.4. IIpumep rpacduka tuna Line+Symbol (muHus+cumBo)

B tabnuue Ha puc. 2.1 npuBeaeHbl JaHHBIE IJI MOJTUKPUCTAIINYECKON
rieHku [6], a Takke nanHble bépHca u Ckotra [7]. UX Toke HE0OXOAMMO OTO-
Opa3uTh Ha 3TOM ke rpaduke. Ha uxonke ciost 1 (cepnlif KBaApaTUK B JIEBOM
BepxHeM yriny okHa Graph 1) menkHuTe mpaBoi KHOIKON MBIIIH, MTOSBUTCS
NIOJIMEHIO, B KOTOpoM BbIOepuTe myHKT Plot Associations (puc. 2.5).

5 Graph1 B
1
Hide Laver
Delete Layer
AddfRemove Plot, .. L

Plat Assaciations. .,

Laver Properties. ., .
¥ | FreqDAT : A(XY, Film(y) .

T T T T T T
300 ] S00 00 To0 800
H A= Title

Puc. 2.5. JIoGaBnenue HOBOTO CJI0s1 HAa TpauK

B okne Select Columns for Plotting B crincke Worksheet naiigure nms
Ballell TabaMIbl U BhIOEpHTE €e. B CIHCKE MepeuncIeHHBIX KOJOHOK TaOJIUIIbI

10



© Hcakona O.I1., Tapacesuu 1O.1O., 0310k FO.1, 2007

BbIOepuTe KOoHKK A u C (wim Burns), 3amaB um poii X 'Y COOTBETCTBEHHO.
JloOaBbTEe HOBBIM HAOOP JaHHBIX, HAkaB KHONKY Add (mo6aButh). To ke camoe
npojenaite u s KoimoHOK A u D (unmm Crystal), mocie vero naxxkmute OK
(puc. 2.6). Ha rpaduxe otoOpa3zsarcst HOBble TOUKH (puc. 2.7).

Select Columns for Plotting

wiorkzheet
FreqDaT | oK
Al -5 Cancel
Filmm[r'] J | S —

BurnzT] )
Crugtallr’] M |
|

| |
| |
A I
Aad Eeplace| Delete |

Filrr]

.Bumnz

Puc. 2.6. lo6aBneHne HOBBIX HAOOPOB TaHHBIX

[{e]
o
| -
[ ]

Y Axis Title
(o)) (o)) ~ ~ (o] o
o ()] o ()] o ()]
1 1 1 1 1 1 1 1 1 1 1 1
| |
| |
-
[ ] |
[ ]
| |
| |
|
| |
' TLA
I‘..

(&)}
()1
1
|

[$)]
o
| -

T T T T T T T T T T
300 400 500 600 700 800
X Axis Title

Puc. 2.7. OrobOpaxkenue Ha rpaduke qpyroro Habopa JaHHBIX

11
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BHewHui BU CUMBOJIOB 110 JKEJIAHUIO MOYKHO U3MeHuTs. [locie nqBorHO-
ro HieJlyKa Mo OJHOM M3 TOYEK JII0O0ro Habopa JaHHBIX Ha rpaduke, MOSBUTCS
okHo Plot Details (ITapamerpsl rpaduka), rae Ha 3aknaake Symbol (Cumsoir)
MOKHO M3MEHUThL BHUJ CHMBOJIOB, HaKaB KHONKY Preview (IIpenBaputenbHbII
IPOCMOTP) C YEPHOU TPEYrOJIbHOM CTPENIKOW. 3/1€Ch TAKXKE MOYKHO 3a1aTh pas-
Mep CMMBOJIOB B criicke Size (Pasmep), nBet — B cicke Color (L{Ber), Tomimu-
Hy nmuHui — B cnucke Edge Thickness (tonmuna nuawmin) (puc. 2.8).

l -

=-] Graphl Symbal l Drop Lines]
- Layer

FragDAT : A, Film{y :
i 23 -l
FreqDAT : Af), Burns] fEviEn Size |3

v Edge Thickness Default -

[
353 5 | O |
QeeEEE e
|T E E E g E E E |I |E |I Points Offzet Platting
v[v|v|¥[X[z[vvvvv
e ot A e e A M AT
A< | |
L e R A
DEIEIEEE I E 0
[ [ [ [t [3% 2 [ [ [ [ [
= O[O O &[S [
ey IS T

Plat Type T | Apply |

Puc. 2.8. DneMeHTbI HACTPOMKH CUMBOJIOB [T Ipaduka

MOHO COMOCTaBUTh ASKCIEPUMEHTAIBHBIC JaHHBIC, COCAMHUB TOUYKH
rpaduKka ¢ OCSIMH MPHU TOMOIIHU JIMHUH, KOTOPbIE OTOOPA3sITCs MOCJEe TOro, Kak
Ha 3akianke Drop Lines (JIunuu coenuHeHus) BBl yCTAHOBUTE MIEPEKITIOYATEITH
Horizontal (I'opusonranbubie) u Vertical (Beprukanbnsie) (puc. 2.9). Ilapa-
METPBI 3TUX JIUHUH TOXKE MOKHO MEHSTh.

12
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Plot Details

—1-£4 Graphl
= Layerl

<

FreqDAT : A<, Filmy
FreqDAT : Af<), Bumsl

Symbal Drop Lines l

[+ Harizantal

[v “Yertical

Shile |

| |— soid |

Width |3

= fes =
coor [ e~ [N -]

Data Points Dizplay Control

[ Skip Points

Flot Type Scatter

- 3 ‘ “Workzheet ‘ (0] | Cancel | Apply |

Puc. 2.9. Cnenuduueckne HacTpoiiku rpaduka

B odbopmiiennn rpadurka 3aBepriaronuM 3TarmoM OMHIIEM, KaK U3MEHUTh
MOAIKUCHU K KOOPAUHATHBIM OCSIM. JIBOWHBIM IIEITYKOM IO OJTHOW M3 OCEU BBI30-
BUTE TMAJIOTOBOE OKHO JJIsI ONpeiesieHns CBOMCTB ocel (puc. 2.10).

X Axis - Layer 1

Scale

Electi-:u:

|

Bottom

Title & Format

W Show Sz & Ticks

Tick Labels ] inor Tick Labels

Title [ Awis Title

Calor |- Black
Thickness(pts] 1.5

Major Tick Length |8 - Percent.-"'i'alue|

Apply Ta

El

-

[ Color |

T Ticks | =]

[ Thickress |

| I Tick Length | =]

] Cugtom Tick Labels
Grid Lines ] Break

X
l
|

Major Ticks | Out j

Minor Ticks | Out j
Axis Position |E|:|tt|:|rn j

Ok

OTreHa | MNpHeHHTE

Puc. 2.10. JIluanoroBoe okHO AJi ONpeieTIeHUsI CBOUCTB Ocei
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Pa3mep oToOpakaemoit 1IKajabl ocH (Kak JIsi TOPU30HTAILHOM, TaK U JIJIs
BEPTHKAJIBHOMN) MOYKHO YCTaHOBHUTH Ha 3akiagke Scale (Illkana) B moissx From
(Or) u To (M1o). Ha 3akmanke Title&Format (3aromoBok u ¢opmar) MOKHO
3amaBaTh HazBaHue oceil B moie Title (3aronoBok). Ho B HameM ciyvae srydine
BOCITOJIB30BATLCS APYTHM CIIOCOOOM.

Hanpumep, Ha nipeyiaraeMon CTaHAAPTHOW MOAIMCU K OCA Y IIEJIKHUTE
IpaBOM KHONKOW MBIIIH, B KOHTEKCTHOM MEHIO BhIOepuTe NMyHKT Properties
(CaoiictBa), mosiButcsi okHo 1ext Control (YnpasneHue TekCToM), B KOTOPOM U

pHUCBOiiTe 0cH HOBoe uMs — Wavenumber (cm ™) (puc. 2.11).

Il Text Control

Backaround |[N|:|r'|e] j | Use System Font ak.

[v Center Multi Line
Rotate [deg,) |90 | — i Do

Tak @ Size Iﬂ [ Apply formatting to all labels in layer St Default
[Hp Defauit: Aial | [ ek <] W B| 7| Ul *| x| ]

Havenumber {cmy+{-13))

Cancel

Wavenumber (cm™)

Puc. 2.11. U3MmeHeHne Ha3BaHUSA OCH

[TapameTpsl moanucedl TakK€ MOYKHO M3MEHSATh. AHAJOTMYHBIM CIIOCO-
OOM 3aMEHHTE CTaHIAAPTHYIO MOAMKCH K OCH X, IPUCBOUB €il Ha3BaHue Temme-
patypa, K. [Ins xoppekTHOro oToOpakeHus pycCKuX OyKB PEeKOMEHIYETCs HC-
M0JIb30BaTh JIOO00N pyCUUIIMPOBAHHBIN MIPUPT, T.€. WIPUPT, UMEIOIIUN B Ha-
3panmy ykasanne Cyr (kuprmmia), Hanpumep, Arial Cyr'. B pesynbrate mpo-
JeJaHHOM paboThl Baill rpaduK JOJKEH UMETh CIeayromuil Bus (puc. 2.12):

' B nanbHeiimem Ham moTpe0yeTcs HCIONB30BaTh B HAAMHUCIX rpedeckue OykBbl. [lepexox Ha rpeueckwii anga-
BUT OCYIIECCTBIIICTCS] HAXKAaTUEM KHOIKHU ¢ OykBoii I'. BykBe a Oyzner coorBeTcTBOBaThH O, b — 3 U T. 1.

14
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90 + A
i (]
85 - 2
80 — @) o} ‘x
— i o) o . °
g 75 < o
T o .
ig 70 — o) 2
& - °
2 65 A,
4 A
> i
© o A
=< 60+ L7
1 o A&
55 — % A
. %&gm o
50
T T T T T T T T T T T
300 400 500 600 700 800

TemnepaTtypa, K

Puc. 2.12. 3aBucuMOCTbh BOJTHOBOI'O YKCJIa OT TEMIIEPATYPHI

s orobpakenus: Ha rpaduke 3aBucumoct nonymupunsl (IN) E (1TO)
MATKOM MOJibl B MOHOKpHcTaiie PbTiO; ¥ MOJUKPUCTATUIMYECKON TUICHKH OT
TEeMIIepaTyphl 10 JTaHHBIM, MPEJCTaBICHHBIM B Tabyuile Ha puc. 2.1, npoaenai-
T€ JEUCTBUS, OMNHUCAHHBIC BBIIE, W TOJYYUTE CIECAYIOUMHA PE3yIbTaT

(puc. 2.13):
50 A
P wE
¥
Yo
40 - *
Y
¥
_ 30 * .
; ¥ LN
g # % % el
(. ® EA
20 ® A
A
P
Y
10 - .
2 . *
0 I . I . I . I . I . I ,

300 400 500 600 700 800

Temnepatypa, K

Puc. 2.13. 3aBUCHUMOCTb NOJYUIMPUHBI MITKON MOJIbI OT TEMIIEPATYpPhI
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TemnepaTypHasi 3aBUCUMOCTH MONYIIMPUHBI (') MSITKOHW MOJBI ammpoK-
CUMHpYyeTCs MmojJuHoMoM (2.1):

=T, +aTl +bT". 2.1
0

JlJis oTOOpaskeHUsT ATOrO MOJIMHOMA Ha Tpaduke Ha MaHEId WHCTPYMEH-
toB B MeHI0O Analysis (ananu3) Beioepute mynkT Non-linear Curve Fit (uenu-
HeliHas anmpoKCUMaIus) ¥ B BeimagaronieM crucke menkaute Advanced Fit-
ting Tool (pacimpenHbIii THCTPYMEHT [T anmpokcuManun) (puc. 2.14).

% OriginPro 7 - I:10rigin’,PTOfig3n - [Width]
[E] File Edit View Graph Data [ Analysis Tools Format Window Help

Simple Math... a él IE ﬂ| R @ll

= — = —— Smoothing
| o) &5 2] FFT Filter

I Arial -"D || B Ilgl Calculus

1 Subiract
Translate

iz
(W]

T {1

- v v v v

Average Multiple Curves

Interpolate/Extrapolate. .
EFT...

#  Film
so L = Burns Fit Linear
+  Crystal Fit Palynomial...
Tagu Fit. Exponential Decay 3
Fit Exponential Growth

an | Fit Sigrmoidal
Fit Gaussian

Fit Lorentzian
Fit Multi-peaks 4

a0 L MNon-linear Curve Fit Advanced Fitting Toal...
Fitting Wizard...

cm

20

Ls[xl@|v|o|m|\ ||| 1| |s|m|+| 2|2 %]

(=} ]
k]

W
=L
=1

400 500 600 700 00
T. K

Puc. 2.14. MeHro agann3a JaHHBIX

VY Bac nomkHo nmosiButhes okHo NonLinear Curve Fitting (puc. 2.15).

r+  Eqguation [ Curve [

F =N

Mew... | Edi..

|Ennstant baze line

Start Fitting... | SelectDataset...| Mu:ure...| Clogze |

Puc. 2.15. OxHO HEenMHENHON annpoKcuMaIuu

16
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B cnucke Functions (¢bynkuum) Beioepute mojauHoMm 2-oi crenenu (Pa-
rabola), KOTOpkIil aBTOMAaTHYECKU 0TOOpa3uTCs B okHE hopmyd (puc. 2.16).

NonLinear Curve Fit — 0| x|

Functionz f+  Equation " Curve " Ele
Congtant -
Line 2l y=A+Bx+Cx*

New...l Edi... |

Parabola function

Start Fitting.... | SEIectDataset...l Mu:ure...l Elusel

Puc. 2.16. Beibop ¢pynkuun

ITpu Haxxatum Ha kHONKy Select Dataset (Bei0op Habopa gaHHBIX) TIPO-
U30IeT cMeHa okHa, u B crircke Available Dataset (nocrymubsie Habopbl naH-
HBIX) CPEIU TPEACTABJICHHBIX JTaHHBIX, BHIOEPUTE T€, KOTOPHIE OTHOCATCA K
TeMIIepaTypHO# 3aBUCUMOCTH nosymupussl (I') msarkoit moasl. LllenkHuTe nBa-
JIBI TIO OJTHOMY M3 HeOOXOMMBIX HaOOpoB; B ciricke Variables emy npucsau-
BaeTcsa 3HaueHue Dep (3aBucumbiii), a 3HaueHue Indep (He3aBUCUMBIN) Mpu-
cBauBaeTcs aBroMatuuecku (puc. 2.17).

NonLinear Curve Fitting: Select... E“E|rg|
Wariables Datazets Fitting A ange

Dep S idthCAT Film [1...30]
—r%  Indep WidthDAT_a (1...30]

Available Datasets — Fitting Step Size [1=all) |1
freqdat_crpstal A
widthdat a 1 ¢= Fow <= |30

widthdat bares b 'ﬂ'SSign | |
[ Show current folder anly

Start Fitting... | Select Funn::tin:ln...| Mn:ure...| Cloze |

Puc. 2.17. Be10op He0OX0auMoro Hadopa JaHHBIX

[Tocne BeIOOpa HAOOpa MAHHBIX M IMOATOHOYHOTO MOJMHOMA MOXKHO IPO-
BOJIMTH anmpokcumManuto. s aToro mienkaurte mo kHonke Start Fitting (mauats
anmpOKCUMAIIMI0), CHOBA NPOM30UJIET CMEHA OKHA, B KOoTopoM B moie Value
IpeICTaBICHBI 3HaYEHUS TapaMeTpoB nojnHoMa (puc. 2.18), a Ha rpaduke oTo-
Opasurcs kpusas (puc. 2.19).

17
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NonLinear Curve Fit - 0] x|

Parameter Y alue Wary'? Error Dependency
A (3915832 v 2|4.24586 |0.99654
B |-0.09034 WV 001538 [0.99945
C {0000 4 ¥ +|0.00001 [0.95855

duced
|| ehra [119617 | ChiGar] 1 e |

Select Funu:tiu:un...l SelectDataset...l I'v1|:|re...| Done |

Puc. 2.18. 3nadyenus nmapaMeTpoB MOJUHOMA

I T I T I T I T I T I
Film
50 - © Burns _
e (Crystal %
| Tagu % i
40 |- .
‘TE 30 L -
(@]
=] ]
20 |- .
[ J@)
8
10 ® .
o 8
L
O
1 " 1 " 1 " 1 " 1 " 1

300 400 500 600 700 800

Puc. 2.19. Pe3ynprar annpokcuManuy N0oJIMHOMOM

JInst Toro, yTOoOBI KpUBas cTaja 0oJiee riajgKkon, B MOSIBUBIIEMCS OKHE BaM
noTpedyeTcs OJUH WM HECKOJBKO pa3 Haxarh crienuanbHyio kaHonky 100 lter
(100 urepanmii), moka 3HaYEHUSI TAPAMETPOB HE EPECTAHYT MEHATHCS.

18
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Tenepp anmpokcuMaInio He0OX0UMO MMPOBECTHU IS OCTATLHBIX HAOOPOB
nanabix. Haxxkmure cHoBa kHomky Select Dataset u BoiOepute HOBBIN HabOp
JTaHHBIX. 3aTeM BBIOepUTE (PyHKIMIO, HaXKaB KHomKy Select Functions, u ms
TOTO YTOOBI ANIPOKCUMHUPOBAINCH HOBBIC JAaHHBIC, HCOOXOIAMMO MPOU3BECTH
oOHOBIIeHHe, HaxaB Ha KHONKy New (HoBwii). [TosButcs okxomko Attention
(BHMMaHHE), B KOTOPOM BaM MOTPeOyeTCs TOATBEPIUTH, YTO BBI JEHCTBUTEIIHHO
XOTUTE 3aKOHUYUTH allPOKCUMAIIMIO TIPEBITYIEro Habopa, Ha)kaB KHONIKY Y€EsS

(ma) (puc. 2.20).

Attention!

Do vou want ta end the fitting session with function 'Parabaola®?

Cancel

Puc. 2.20.

Pesynprar anmpokcumanuy MpeacTaBieH Ha puc. 2.21. 3HadyeHHs mapa-
METPOB OTOOpaXKaroTCsl B IPOTOKOJIe pe3yapTaToB Results Log. B cmenuBiem-
cs1 okHe (puc. 2.22) HaxmuTe KHONKY Accept (MpUHSATE), H TOJBKO TOCIIE 3TOTO
HauHKTe anmnpokcuMariuio (Start Fitting).

70 —————————T—————

Film

Burns

60 I e Crystal E
Tagu

o %

50

40

r, cm

30 -

20 -

O
[T NrU R R RS R —
300 400 500 600 700 800 900

T,K

Puc. 2.21. Pe3ynbpTar annpokCUMaIuy BTOPOro Habopa JaHHBIX
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I Monlinear Curve Fitting: Define... g|§|@|

Nal‘neluser'l T}'IZIE|USE.'I'-DEﬁnE.'(j FUTmlEHDIESSiDtﬂ

Mumber of Param. {1 =| [ User Defined Param. Mames

Parameter Mames |F"I

Independent 4 ar. |H

Dependent War. |_l,l

E xample:

Save | Cancel Maore... | Accept

Puc. 2.22.

Bce ananoruunsie neicTBUs MpojaenaiiTe A ABYX OCTABIIMXCS HaOOPOB
JAHHBIX, OTHOCSIIMUXCSA K 3aBUCUMOCTH HOJIYIIMPUHBI MATKOW MOJbI. PegakTu-
pOBaHME MPOBEIUTE M3BECTHBIMU BaM criocobamu. B urore BbI TOMKHBI TIOJTY-
4YuTh TpauKky, NpeAcTaBleHHble Ha puc. 2.23. B OOJIBIIMHCTBE CiIy4aeB all-
IPOKCUMALIMIO MMOJIMHOMaMHU MOKHO IPOBOJAUTH CYIIECTBEHHO 0O0J€€ MPOCTHIM
croco6oM, pocTo BeiOpaB myHKT MeHto Analysis / Fit Polynomial.

60 —————1————1——1—"—

#  Film

50

40 |

30

I, cm

20

10 -

0 [ IR A R R R R
300 400 500 600 700 800 900

T,K

Puc. 2.23. Pe3ynpTaT anmpokcuMaImy Bcex HaOOpOB JaHHBIX

Ynpasicnenue. TlpoBenute anmnmpoKCHMAINUIO MOJTYIIUPUHBI MSTKOH MO-
1el, ucnoas3ys Analysis / Fit Polynomial.

20
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Jlst Bcex HabOpOB JaHHBIX, OTHOCAIIUXCS K TEMIIEPATyPHBIM 3aBHCHMO-
CTSIM YaCTOThI MSTKOM MOJbI, HEOOXOJUMO MPOBECTH TE K€ IEUCTBUS. ATIIPOK-
CUMUpYETCsl IaHHasl 3aBUCUMOCTh (DYHKIIMEH BUaa

v=A-(T.-T)“,

rae 7', =766 K i TuTaHaTa CBUHLA.

(2.2)

B cranmgaptaHom Habope makera Origin, kak y»e 0TMEYaaoCch paHee, UMe-
eTCsl OTPOMHBIN CIUCOK (PYHKIMIA, HO WHOTJA BO3SHUKAET HEOOXOAUMOCTH MpH-
OerHyTh K BBeJICHHIO cBoel (yHKImu. Co3naTh 3amuch MokHO B okHe NonLin-
ear Curve Fitting mociie Haxxatust Ha kHonky New (HoBbIi). B mosiBuBIIeMcst
okne B nojie Name (ums) 3agaiite ums Baired Gyukuuu, 6o maket Origin aB-
TOMATUYECKU MPUCBOUT el nMs User (mosw3oBarens). B ciimcke Form (popma)
BeiOepuTe Y-Script. B cnmcke Number of Param. (konmuuectBo mapameTpoB)
YKaXXHUTE, CKOJILKO MapaMeTpOB BaM IMOHAJAO0UTCS TIPU 3aITMCH HOBOW (DYHKIIHH.
B Hamewm cnmyuae xomudecTBO mapaMeTpoB — 2 (A,c), 1 OHM aBTOMATUYECKH
otoOpakarorcst B mosie Parameter Name (umst mapametpa). 3agaiiTe He3aBu-
cumyro nepeMennyo x B mosie Independent Var u 3aBucumyro nepeMeHHYIO
y B nosie Dependent Var. A teneps B okHe Example (mpumep) 3anaiite Bun

HOBOW (DYHKIIUU
y=Pl1*(766—x)" P2.
Jlyis poBefieHus almpOKCUMAINK HYKHO 3a7aTh 3HaueHHE MapaMeTpoB
P1 u P2. Haxxmute kHOniky MoOre (onojHUTENbHO) U B MYHKTE MEHIO SCripts
BeIOepuTe Parameter Initialization (uawnmanusanus napamerpos). B cnmcke
Init.Value 3anaiiTe 3Ha4YeHUs >THX apaMeTPOB, IOCTABBTE TAJOYKHA B MyHKTaX

Parameter Initialization (uaunmanuzamus napamerpor) u Compile (koMmuis-
uus) (puc. 2.24).

[ NonLinear Curve Fitting: Parameter Initiali... g“:”@
Category  Function  Ackion  Opfions  Scripks

G
|Parameler InitValue  “ap? | | Constants ‘
P E
P2 CRI

[v Parameter Initislization [ Compile Check. Execute
[#*Scripts to be executed to intislize parameters.*/]

D efing initialization scripts. Basic Mode

Puc. 2.24. OxHO MHULIMATTU3AIMH TAPAMETPOB
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3anmanHblie 3HaUeHUs mapameTpoB P1 u P2 aBisttoTcst mpuOIM3uTEIbHBIMH,
MI03TOMY BO BpEMSI allPOKCUMAIIMH JJIs Ty4IIeTO pe3yiIbTaTta UX MOYKHO BapbU-
poBaTh, €CIIM KOHEYHO 3TO OyAeT HeoOxonumo. [lonydennyro ¢yHKIU0 HE00-
XOJUMO COXPaHUTh JJIsl JAbHEHIIIETO0 MCIIONh30BaHMsI, BHIOPAB HA TIAHEIH Me-
Hio Function (¢yHkius) u HaxkaB TyHKT Save (puc. 2.25).

o B e
Parameter W Wam? || Constants |

v
P2 v

Exit

Iv Parameter Initialization [ Cormpile Check Execute

Seripks to be executed to initialize paramebers.”/

Save a function ta its FDF file. Basic Mode

Puc. 2.25. CoxpaHeHre HaYaJIbHBIX 3HAYEHUI MapaMeTPOB

3arem, HaxkaB kiaBumy Basic Mode (ocHOBHOM pexuM), Bl BO3BpaTH-
TeCh K MEPBOHAYAIBHOMY OKHY. BbiOMpas moouepenHo Hy>KHbIE HAOOPHI JaH-
HBIX JJI TEMIIEPATyPHBIX 3aBUCUMOCTEH YacTOThI MSTKOH MOJIbI, BBIITOJHUTE
anmpokcuMario. B pesynbraTe mociie COOTBETCTBYIOMIETO (OPMATHPOBAHUS
noJyduTe rpaduKu, IpeacTaBICHHbIE Ha pHC. 2.26.
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100 —————r———————1——1—
e Film
~  Burns
0F o Crystal -
80 F -
e
S
= 70} -
60 - -
50 | \ | \ | \ | \ | h |

300 400 500 600 700 800
Temperature (K)

Puc. 2.26. Pezynprar annpokcumanuu ¢yHkuueit suaa (2.2)

[TapameTpbl anmpoOKCMMAIMU NHPUBEIEHBI HWKE B BUJIE NPOTOKOJIA pe-
3yJIbTaTOB

Data: FreqDAT Burns
Model: user5

Equation: y = P1*(766-x)"P2
Weighting:

y No weighting

Chi*2/DoF  R"2

625.0644 -3.98671

Parameter Value Error
P1 38.74427 10.82824
P2 0.11711 0.05912

[07.11.2007 10:29 "/Frequency" (2454411)]
Data: FreqDAT Crystal
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Model: user5

Equation: y = P1*(766-x)"P2
Weighting:

y No weighting

Chi*2/DoF  R"2

268.26963  -0.92782

Parameter Value Error
P1 48.72723 9.42345
P2 0.09235 0.0428

[07.11.2007 10:30 "/Frequency" (2454411)]
Data: FreqDAT Crystal

Model: user5

Equation: y = P1*(766-x)"P2

Weighting:

y No weighting

Chi"2/DoF  R"2

3.51163 0.97484

Parameter Value Error
P1 44.0089 1.21017
P2 0.1139 0.00586
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3. Cmemenue rpadpukos

B ¢aiine BSTat77K npusenena Tabnuia, kotopas COCTOMT U3 5 KOJO-
HOK: KOJIOHKa A — 4acToTa, a ocTajibHble 4 KOJIOHKUA — MHTEHCHUBHOCTHU JKCIIe-
PUMEHTAJIBLHBIX CIIEKTPOB (TUTAaHaTa Oapusi, TBepaoro pactsopa 70% Ba u 30 %
Sr, TBeporo pactBopa 50% Ba u 50 % Sr, TBepaoro pactBopa 30% Ba u 70 %
Sr coorBeTcTBEHHO). CHIEKTPBI CHATHI IPU OAMHAKOBBIX YCIOBUSAX 3KCIEPHUMEH-
Ta ¥ YaCTOTHBIE IIKAJBl Y HUX COBNaAaT. Ecnu mocTpouth Bce 3TU rpaduku,
UCIIOJIB3YS] HABBIKKM OTOOpaXEHUS JAHHBIX, HA OJTHOM U TOM K€ PUCYHKE, TO TO-
JYYUTCS, YTO BCE 4 CHEKTpa MPAKTUUYECKH HAJIOXKaTcs Npyr Ha apyra. M gaxe
UCIIOJIb3Ysl pa3JINYHbIE LIBETA, HEJErKO IOHATh, YTO K YEMY OTHOCHUTCS

(puc. 3.1).

14000

12000

10000

8000

6000
4000
2000

T
0 200

1
N
o
o
o

T T T T T
400 600 800 1000 1200

Puc. 3.1. Yetbipe rpaduka Ha OJJHOM PUCYHKE

[TosTomy yno6HO ObLIO ObI CIIEKTPHI CIBUHYTH. B makere Origin as 3to-
ro umeertcs cnenuanbhas ¢pyukuus Waterfall (Bogomas). Beigenus Bce KOJOHKH
TaONHIIBI, HA TIAHEIM WHCTPYMEHTOB B MeHio Plot (rpadwuk) BeiOepuTe mMyHKT
Special Line/ Symbol (cnenuansubie muann/ ciMBOIIBI). B BhImagaromem Criu-
cke Hainute ¢pyukuuto Waterfall (Bogonan) (puc. 3.2), ¥ Kak TOJBKO BbI IIENK-
HUTE 110 HEH, BCE CIIEKTPBI, KOTOPBIC paHbIlle ObLTN HAIOKEHHBIMH JIPYT HA JIPY-
ra, OKQ)XYTCSl aBTOMAaTUYECKU CMEIEHHBIMHU 110 ocsiM X u Y (puc. 3.3).
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{i& OriginPro 7 - F:\ona\Origin1\BSTat77K - [VseAt7 7K]

%File Edit  view BB Colurn  Analysis  Statistics  Tools  Format  Window  Help

§ g el & pl=| Al B D
' Scatker
_I_‘ _|_| o Line + Symbaol _u

spedial LineiSymbol ¥ MI ‘ertical Drop Line

_;" 2 Paint Segment
’E_ 1 . Colurnn _A';' 3 Point Segment
+ 2 Special BarfiColumn M o Yertical Step
3 8‘ Pig ' Horizontal Skep
T ; 30 %Y » L5 Spline
A= 6 30 RV v (A pouble-v
s f 3D SurfacefContour Ploks ﬁ Line Series
8 P z
@ | —9 BubblefColor Mapped * J;
Q| M 10 Statistical Graphs r £S5 zoom
Wl 11 Panel » I:I Y Errar
— % i trea oy Errnr
14 | A Eill Area 3202.06392 1|]B3 67
15 i@ polar ?(2951,57046 913,67
16 &t 2747.99554| 909,67
17 % wnary )(2817,42197|  782,67|
i = Sokh Chart p|2741,92851 854,67
19 it High-Low-Close | 2651,35359 740,67
| 20| 7 vector XYAM : 677,67

7 Veckor KYRY

i....“ Template Librarw,

rew a3 L]
Puc. 3.2. Bei6op tuna rpapuka Waterfall

Waterfall Options

Dffset Amount... Fill Area...

T ark THe

Puc. 3.3. Oxno ommit Waterfall

T. K. YaCTOTHBIE IIKAJIbI CIICKTPOB COBIIAZIAI0T, TO JIOTUYHO OBLIO OBI CMe-
26
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ctuTh rpaduku TOabKO 1Mo ocu Y. Y dynkuuun Waterfall (Bogoman) umerorcs
HEKOTOPBIC OIIHU, KOTOPBIE MPU CMEIICHUU TPauKOB aBTOMATHICCKU OTKPBI-
Barotcs B Buje y3koi manenu Waterfall Options B BepxHel yactu pucyHka
(puc. 3.3). D10 cnenyromume omuu: Offset Amount (Benuunna cmernenus),
Reverse Order (oopatusiii nopsaok), Fill Area (3ammuBka). s cmelneHus
rpaduKoB TOJBKO M0 ocu Y Bocmoib3yirech omuerr Offset Amount (Bemuun-
Ha cmenieHus). [lociie HaxkaTUs Ha 3Ty KHOMKY Yy Bac MOSABUTCA OKHO (puc. 3.4),
B kKoTopoM B crrcke XY oOffset (cmemienne mo XY) Beioepute cocrosiaue En-
able (monyctumsiii), B ciucke Total Y offset (%) (cmemenue o ocu Y B %)
YCTaHOBUTE 3HAYEHHUE, COOTBETCTBYIOIIEE OYAyIIEMy CMEIIEHUIO IPpa(HKOB, a B
coucke Total X offset (%) (cmemenne mo ocu X B %) 3anpatite 3uadenwue 0. [To-
cie yero Haxkmute OK.

[ r—
gonet |

Cancel

XY nﬂset|EnahIe j
Total ¥ offset [24) |5l]

Total X offset [24] |h]

Puc. 3.4. Hactpoiika napaMeTpoB cMeIIeHUs TpapuKOB

B pesynbraTe rpaduk npumer crneayromuii B (CM. puc. 3.5).

T T T T T T T
0 200 400 600 800 1000 1200

Puc. 3. 5. I'paduku, cMemeHHbIe BI0JIb OCH OpJIUHAT
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CIeKTpbl MOXHO CABHTAaTh M BPYYHYIO. B 3TOM ciydyae K CHEKTpy IpH-
OaBisieTCsS TMOCTOSIHHBIM (oH. [Ipm TakoMm MOAXO0A€ BEIUYHHY CJIBHTa MOYKHO
caenarb pasHon. lHorma 3To ynooHo. [l 3Toro 3HaueHus KOJIOHKHA B ocTaBbTe
IOCTOSTHHBIMH, a K OCTaJIbHBIM KOJIOHKaM, HCIob3ys omiuio Set Column Val-
ues (3amath 3HAYCHHE KOJIOHKU), MPUOaBhTE YUCIIA B 3aBUCUMOCTH OT BEIUYH-
HBI cJIBHTA. B pe3ynbTare moayuurcs ciaeayromuid rpaguk (puc. 3.6):

120000 Ba30
—+—Bab0
100000 A —-—Ba70
—-—BT
80000 —
60000 -

40000 - M

20000 M

I AV N
T T T T T T T T T T T T

0 200 400 600 800 1000 1200

yacTtoTa
Puc. 3.6. PesynbTar cmenieHus rpaukoB BpydHYIO

MHTEHCUBHOCTb
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4. CoBmenienue rpapukoB

B ¢aiine PTOFIG1 nmpuBeneHbl 1aHHbIE CIIEKTPOB JJIsl IBYX MOJSIpU3a-
nuii kpuctaia PbTiO; (VV u VH) u nnmenku PbTi0;. Umnoptupyem 3Ty naH-
HBIE ¥ 0TOOpPA3MM BCE TPHU CIEKTPa HAa OJTHOM PHUCYHKE C Pa3HBIMU IIKAJTaMH WH-
TEHCUBHOCTU. V3BECTHO, YTO MHTEHCHUBHOCThH CIIEKTpa TUICHKH HAMHOTO MEHb-
11e, TTOATOMY ISl OTOOpakeHUs TparKOB HAa OAHOU IIOCKOCTH BOCIIOJIB3yEeMCS
BCcTpoeHHbIM B makeT Origin mabmonom Double-Y (coBmerienue rpadukoB)
JUTSL CO3aHMS TIOIOOHBIX PUCYHKOB. Y 0€IUTECh, YTO B BaIllel TaOIuIle KOJIOHKHU
A, B, C, D umerot poiu X, Y, Y, Y cOOTBETCTBEHHO. Tenepb BbIACINUTE BCE KO-
JIOHKH Tabyuibl. Ha BbIIEIEHHOM ydYacTKe MICTKHUTE MPAaBOW KHOTIKOW MBIIIIH,
MOSIBUTCS KOHTEKCTHOE MeHIO (puc. 4.1), B kotopom B MeHto Plot (rpaduk) BEI-
oepute myHkT Special Line/ Symbol (cneruanbHble TMHUN/ CUMBOJIBI) U B BbI-
najiaroIneM crucke Beidepute mabdinon Double-Y (coBmenienne rpagukos).

& OriginPro 7 - F:\oaa\0rigin] YPTOFIG1 - [A11VHC300.PRN]

File Edit “iew Plot Column  Analysis  Statistics Tools Format  Window  Help
BEe =w|sdB =k 8 @S| & [JE D 8
e8] B[fn| St olef

E e i 58 R N e e e
D R
+ 5o " Scatter
Copy A Line + Swmbol |
T E Paste Special LinefSymbal 1111 ‘ertical Drop Line
A l Bar _;" 2 Point Segment
i Insert 2ng .
. Column = 3 Point Segment
yals! Delete . .
Special BarfColumn P vertical Step
®| % Clear = )
l.'V Qﬁ Pig ™ Horizontal Step
& Set As 4 N gl
= 30wt y| W apline |
Fill Columns With 4 30 ¥YZ 3 @ Ciouble-t I
Sork Columns k 3D surface/Contour Plots 24 Line Series
P
Sort Worksheet 4 Bubble/Color Mapped b= Waterfal
=y
Ty ] Z00m
TH statistics on Columns Statistical Graphs k lII i
& statistics on Rows Panel Y T ¥ Error
Mask, | Area E‘L &Y Errar
TIIW A il Area

i@ Polar
Tetnary
{f|i“ @ Smith Chart

it High-Law-Clase

=
5t

2] | ol | [0 | B

Type Y. | 5.0 Modi., | Creat x|
| ] 5. | =7 Vector KYAM ol
. Worksheet M... 1... 04.0... 0408 *
Worksheet M... 2. 04.0... 04.0d » Vector BiRy
araph M. 2. 230, Z3.09 i
=T i, - el {__ Template Library. .

Puc. 4.1. I11a6noH 11 TOCTPOSHUS COBMEIICHHBIX Tpa(uKOB
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B pesynpraTe mponenaHHBIX IEHCTBUN JOJDKEH OTOOpa3uThesi rpaduk
(puc. 4.2). Kak Buano, naket Origin aBTOMaTHYeCKH MOA0OpAIT KAy JJIs HH-
TEHCUBHOCTHU CIEKTpPa IJICHKHU (HA 3KpaHe 3TO CHHsS KpuBas Ha rpaduke u co-
OTBETCTBYIOLIAs €l CUHSA KOOPJAMHATHAS OCh). Bce KOOpAMHATHBIE OCH JTOJKHBI
HaunHaThCs ¢ 0. PemakTupoBanue BHeMIHEro BHUIa TpaKOB U TOAMUCEH OCei
IPOBEIUTE U3BECTHBIM BaM CIIOCOOOM.

L] I L] I L] I L) 500

—-<—crystvh 1
—-°—crysthh
—o—film

3000
- 400

2000 300

200

1000

NHTeHcuBHOCTL (Ycn. en.)

100

v (CM-1)

Puc. 4.2. Pe3ynbraT ucnons3zoBanus madnona Double-Y

Jlsis Toro 4T00B! ObUTO OO0JIee MOHSATHO, K YeMy OTHOCHUTCSI TOT W WHOM
rpaduk, 100aBUM Ha PUCYHOK TEKCTOBBIE KOMMEHTapuu. /st 3TOro Ha mycTom
MECTE IIEIKHUTE IMPaBOW KHOMKON MBI, B KOHTEKCTHOM MEHIO BBIOEpUTE
nyHkT Add Text (mo6aButh TekcT). [TosBUTCS MajleHbKOE OKOIIKO ¢ KypCOpPOM
BHyTpH. BBequte Texct [IJIEHKA. Ecnu Bo3Hukim mpoGiemsl ¢ mpudTom, TO
BBIJIETIUB 3Ty HAJIUCH, MIETYKOM MPaBON KHOMKH MBIIIH BBI30BUTE MEHIO, B KO-
TOpPOM BBIOEpUTE MYHKT (CBOWCTBA). BriOepuTe B CIIUCKE CaMbIil ONTUMAITLHBII
BapuaHT — mpudt Arial CYR. Tenepp mepeMecTute AaHHYIO HAJMKUCh K KPHU-
BOH, KOTOpasi COOTBETCTBYET MOJIIPU3ALINN TUICHKH (CHHSAS KpUBas Ha dKpaHe).
Co3pnaiiTe aHATOTMYHBIM CITIOCOOOM KOMMEHTApUH ISl CITydaeB, KOTJa MOJISpH-
3amMs MaaoIIero U3IydeHUs TapajuielbHa mojspu3anuu paccesuaoro (VV)
(KpacHass KpuBasi Ha JKpaHE), U KOTJa MOJSIpU3AlUs TaJafoNIero H3TydCHHs
NEePIeHIUKYIIpHA ToJisipu3anun paccesuaoro (VH) (3enenast kpuBas Ha 2Kpa-
He). PasymHO Ob110 OBl yKa3aTh MPHUHAJICKHOCTH Ipaduka Uis MOJISIpU3aALUU
IUICHKH K COOTBETCTBYIOIIEH KOOPAWHATHOMW OCH NMPHU MOMOIIM CTPEIIOYKH, KO-
TOPYIO MOXHO HAWTH Ha MMaHEIW UHCTPYMEHTOB, Haxosencs ciesa (puc. 4.3).
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v (CM'1)

Puc. 4.3. JloGaBneHue CTpENIKH HA PUCYHOK

31
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5. Hecko0JbKO CJ10€B

Wmmnoprupyiite ¢aiin PTOFIG2, B koTopoM copepkaTcs dKCIepHMEH-
TaJbHbIE JAHHBIC TEMIIEPATYPHBIX 3aBUCUMOCTEN CHEKTPOB KOMOWHAIIMOHHOTO
paccesausa cBeta (KPC) monokpuctamia PbTiO; u monmkpucramimdeckon
mieHkn Ha nojjoxke (001)MgO. He tpyaHo moramathbes, 4TO JOJDKHO TOJTY-
ynthes 4 rpaduka. s yno6cTBa MOKHO pPa3MECTHTh UX Ha OJTHOM PHCYHKE.
Yro cobcTBEeHHO MBI U OyzeM JAenaTh B 3TOM paszzene. [ Hayana otrobpasure
9TH JaHHBIE B BUJE rpadukoB tuna Line (JTuHus), IpoBeaUTe UX peIaKTHPOBa-
HUe, N00aBbTe Ha TpadUKM KOMMEHTApUU, C YKa3aHHEM COOTBETCTBYIOIICH
TeMmrepaTypbl. B pe3synapTaTe AOKHBI TOJYYUTHCS Clenyloume Trpaduxku
(puc. 5.1-5.4).

2000

1500

1000 600 K

MHTEHCUBHOCTb (ycn. ea.)

500

. . I . I . . !
0 200 400 600 800 1000
viem”

Puc. 5.1.

2000

1500
720K

1000

MHTEHCMBHOCTL (ycn.en.)

500

T T T T T T T T T 1
0 200 400 600 800 1000
v.em”

Puc. 5.2.
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2000

1500

765K
1000

WHTEHCMBHOCTL (ycn. ed.)

500 +

T T T T T T T T T 1
0 200 400 600 800 1000
v,CM'1

Puc. 5.3.

2000

1500

785K

1000

500

WHTEHCUBHOCTL (yCr.eq.)

T T T T T T T T T 1
0 200 400 600 800 1000
v,em”

Puc. 5.4.

[[BeTHBIE >KMPHBIE JIMHUM COOTBETCTBYIOT TEMIIEpaTypHBIM 3aBUCHUMO-
ctsam criektpoB KPC nmonukpuctammnueckor miaeHku Ha nomioxkke (001)MgO.
Jlnst ynoGcTBa MOXKHO pa3MECTUTh BCE 3THU IpaUKy Ha OJHOM pUCYHKe. Jlms
storo B nmakere Origin ecth cnienuanbHas yukius Merge all Graph Windows
(oObenuHEeHNe BcexX rpauuecKkux OKOH), KOTOPYIO MOKHO HAaWTH B ITyHKTE Me-
uio Edit (penaktuposanue) (puc. 5.5).

B pesynbrare Bce nonyyeHHbIe TpadUKy pa3MECTSITCS Ha OJJHOM PUCYHKE
(cm. puc. 5.6).
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fi OriginPro 7 - C:\Documents and Settings\0ne How

FiIe S wiew Graph Data  Analysis Tools  Format

I, ] ']
[ TEED
i\ Copy Page Chrl+]
[k &
_i Button Edit Mode Chr+E
Bl 600 K
G| T
7; Mew Laver{fxes) 4
7E Add & Arrange Layers, ..
EE Rotate Page :}%“\A—
i w0
| M Merge all Graph Windows

Puc. 5.5. Boi6op mynkra mento Merge All Graph Windows

2000 , , , , 20007 , , , ,

g 15001 600 K 1 15001 720K
g
il
2 1000} 1 1000} 1
2
<
£ 500t {1 500t 1
<
by

0 1 1 1 1 0 1 1 1 1

0 200 400 600 800 0 200 400 600 800

2000 7 , , , , 2000

3 1500f 765 K 1 1500 785K
[~
£
= 1000} 1 1000} 1
G
g
o
3 500t 500+ 1
I
[
£
X |

0 1 1 1 1 0 1 1 1 1

0 200 400 600 800 0 200 400 600 800

v (cm'l) v (cm'l)

Puc. 5.6. Pe3yapraTr 00bequHEHNS BCEX TpadUUIECKUX OKOH

NHorna Bo3HHKAeT HEOOXOIUMOCTh Pa3MECTUTh Ha PUCYHKE HECKOJIBKO
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pasHomacinTaOHbIX rpadukoB, u crapmaaptHas ¢yukius Merge all Graph
Windows (o0bennHeHre Bcex TpaikoB OKHA) HE COBCEM IIPHUTOJIHA JIJISl 3TOTO.
B »T0#i cutyanuu MOKHO BOCHOJIB30BaThCS APYrUM criocobom. J[ns Hayama B
nepBoi Tabnuie noTpedyercs BoIACIUTh KOJOHKH A u B (ux poaun X u Y coot-
BETCTBEHHO), H OTOOpAa3HWTh ITH JaHHBIC B BHJE rpaduka Tuma Line (muHwms).
[Tonyuunu rpaduk ayss moHokpuctamia PbTiO;. Teneps Ha 3TOM ke rpaduke,
UCIIOJIb3Ysl MOTYYEHHbIE paHee HABBIKU, 0TOOpa3uTe rpaduk A NOJUKpUCTATI-
JMYECKOM MiieHKH (100aBuB B criucok KosoHkH A u C). [IpoBeaute penaktupo-
BaHUE OCEH, BHEIIHEr0 BUJa rpauKoB, a TakKe 100aBbTe€ KOMMEHTapHil C CO-
OTBETCTBYIOLIEH TeMIIepaTypou. B pesynprare HOKEH NOJIyYUThCS CIEAYIO-
il rpaduk (puc. 5.7).

2000 A

1500

1000 600 K

MHTEHCUBHOCTb (ycn. eq.)

500

T T T T T T T T T 1
0 200 400 600 800 1000
v,em”

Puc. 5.7.

Tenepb Ha MaHeIM WHCTPYMEHTOB BBHIOCPUTE IMYHKT MEHIO |0O0IS (MHCT-
PYMEHTBI), B KOTOPOM BBIOEpHTE MYHKT Layer (cioii), mosBuTcs okomiko Layer
(cnoii) (puc. 5.8).

2 HE O
Add Arrange ]
- Wertical Gap 15
[~
E..E Horizontal Gap |5
t}: Calurnnz 2
Flows 2
Add New Layers [+
Marging
Top 10
Battom 10
Left 10
Right 10
Move Layers
a1 B |2

Swap Lapers & and B |
Maove Layer A to B |

Puc. 5.8. Bei6op nmapameTpoB cios
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[MepeiiguTe Ha 3akmanky Arrange (pasMelieHue) U HaKMHUTE KHOIIKY C
N300pakeHHEeM 4-X KOOPAMHATHBIX OCEH, ITOCIIe ATOr0 TOMHUMO BaIlero rpaduka
Ha PHCYHKE IMOSBATCS €Ile 3 JOMOJHUTEIBHBIC OCH, C KOTOPBIMH BaM U TPEJ-
cTouT padorats (puc. 5.9).

i 0

VDS HCVEHDTE (Y, &40

A Tl

W Al e
AT

Puc. 5.9. Pe3ynbTaT pazMenieHus Tpex JOMOJIHUTEIbHBIX CJIOEB

[Tognucu x ocsiM Y (MHTEHCUBHOCTH (YCJI. €71.)) MOKHO OCTAaBUTh Ha Ipa-

dukax 1-ro u 3-ro cioes, a k ocsiM X (V,cm™) — Ha rpadukax 3-ro u 4-ro cio-
eB. T.k. Ha MEepBOM cJ0€ Yy HAC Yyke uMeercs rpaduk s TeMIlepaTyphbl
T =600 K, To HauHEM 3anoIHATh OCTaIbHBIE 3 cnosi. Ha mKOHKE BTOPOTro CJIos
HICJIKHUTE MPAaBOM KHOMKOW MBIIIM U B MOSIBUBILIEMCS MEHIO BbIOEpUTE MYHKT
Add/ Remove Plot (1o6aButs/ yaamuts rpaduk) (puc. 5.10).
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{2 OriginPro 7 - F:\ons\Origin1\PTOfig? - [e600]
File Edit View Graph Data Analysis Tools Format  Window  Help

(BB =|a=|u|8) bk 5| 35| & [VETw
|=6| B[os| mal%a| :=f=] Efr

1t
EH

=l B| 7| v] =] <] <tus| A] ]| [T
|

Wg Hide Layer

+ Delete Layver

E I E add/Femove Plat..,

T y Flot Associations, ..

A E Laver Properties. ..

di=! -

O | =

Qa| MV

W

MHTE HOVBHOCTE (0. & 4,0
1 L 1 1 '

Puc. 5.10. Bei6op nyakra menro Add/ Remove Plot

[TosBuTCst okHO Layer 2 (cimoii 2) (puc. 5.11).

Awailable Data Layer EnntentsJ J | ok,

al1vhcB00.pro_b

al1vhcB00.prio_c J
[

Cancel

allwhe?20.pm_b
allvhe?20.pm_c
al1vhc?B5.prn_b Plat Azzociations. .
al1vhe?B5.prn_c
al1vhe?35. prn_hb
allvhe?35.prn_c

Layer Properties. . |

[ Show Range
[ Sort [ Rescale on O

[ Show current folder anly

Puc. 5.11. OkHO mJ11 MaHUTTYJSLUAN CO CIIOEM

B cnucke Available Data (mocrynmubeie manHbIe) BbIACIHTE 3-10 U 4-F0
CTPOKH, COOTBETCTBYIomme Temmepatype 7 =720 K, ¢ moMoImp0 CTpernodku
nepeMectuTe HaObop maHHbIX B cnrcok Layer Contents (comepkanue cios) u
Haxxmute OK (puc. 5.12).

37



© Hcakona O.I1., Tapacesuu 1O.1O., 0310k FO.1, 2007

Available Data | Laper Contents J J | Ok

a11vheB00.prm_b |
allvheB00.prn_c ! L 3
allvhcr20.pro_b Layer Properties... |

allvhc?20.pin_c =
allvhe?Bh.prn_b Plot Aszociations. ..

allvhe/Bh.prn_c
allvhe?35.pin_b

allvhed35.prn_c Group

[ Show Fange
[ Sart v Rescale on Ok
[ Show current falder anly

Puc. 5.12. HaGops! aHHBIX BTOPOTO CIIOS

Ha BTopom cnoe otoOpasutcst rpaduk, KOTOpbIN MpUAETCS MOApPEIaKTH-
poBaTh. BbI 10KHBI OJIY4YHTH clieaytoniee (puc. 5.13).

o[RS
[+ | _ _
Bl x e
T|| 2 | ]
A g ]
= E 1
] 5N - - - - - - - - - -
Qa| A
| i ]
: ] _
E_ u

Puc. 5.13. I'paduk nobGaBieH BO BTOPOl cloii

Te ke peiicTBus mpopemaite st 3-T0 U 4-10 CIOEB, M00ABISIST HA HUX
HAOOPBI JaHHBIX, COOTBETCTBYOIMKE Temneparypam 7 =765 K u T =785 K, ne
3a0bIBasi MPOBOJUTH peAakTUpoBaHue TrpadukoB. B pesynpraTe Bbl MOTYyYUTE
caeayronmi pucyHok (puc. 5.14), cxoxwuii ¢ puc. 5.6.
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Puc. 5.14. OxoHnuaTenbpHBIN BUI TPapUKOB
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6. KoppekTnpoBKka ClieKTpoB

B ¢aiine PTOat750K conepxurest ciekTp TuTanara cBunia mpu 750 K.
Nmnoptupyitte 310t (haitn B Tabauity. Komonka A — gacrora, kosioHka B — uH-
TEHCUBHOCTH SKCIIEPUMEHTAILHOTO CTeKTpa. VICTHHHAsT HHTEHCUBHOCTH JIMHUH
B criekTpax komOuHarmonHoro paccessuus (KPC) naxogutes mo ¢popmyire:

1= (@,0)+D]I,,, 6.1)
rIe

n(w,T)=("""" -1~ (6.2)
— (hakTOp TEMIEpaTypHOU 3aceleHHOCTU. TemmepaTypa usMmepsiercs B KenbBu-
Hax. Ecim wactota Gepércs B 06paTHBIX caHTHMeTpax (cM '), To /i/k =1,4388.

[TpoBeneM KOPPEKIMIO CIIEKTpa Ha TeMIepaTypHBIA (aKTOp 3aCEICHHO-
ctu. Jlnst aToro 1o6aBbTe HOBYIO KOJIOHKY C, IMIETKHYB MPaBO KHOTIKON MBIIIN
u BeiOpaB mynkt Add New Column (1o6aButh HOBEIH cTosbelr) (puc. 6.1).

@ OriginPro 7 - UNTITLED. - [Data1]

%File Edit  Wiew Plot  Column  Analysis  Statiskics  Tools  Format  Window

|| 2| Z@|=@ e =&l 2 B
=8| 2o %] ofe] Efw
E =P =1 B| 7| o] ] <] e Al <] | -]
|E A B[]
— 1 13,08955/4813,41309
+ |2 | 13.64955/4938 69043 B Paste
3 14,20955|5254,30811 Add Text...
|4 14,76955| 5369,7793 o e Cal
5 15,32955/5382,65283
ol ikl 11 15,88955/5372,92432 Clear Workshest
o7 16,44955/5403,16455 o To Rom...
ola| -8 17,00955/5421,79883
g 17,56955/5453,49414 Mask 3
Q9|M |10 | 18,12955/5506,37402
- 11 18,68955 5572,5249 Color...
— 12 | 19,24955/5671,79346 Properties...

13 19.60955(5770,69236
14 20.36955|5835,22461
15 20,92955(5899,75439
16 21.48955(5992,82715
17 22.04955(6011,33496
18 22.60955|6033,48389
19 23.16955(|6164,74512
20 23.72955|6294,46387

Puc. 6.1. Jlo6aBiieHrne HOBOTO CTOJIONA K TaOIHIIS
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B nanHO# KonoHKe OyAeM 3amuchiBaTh UICTUHHYIO HHTEHCUBHOCTD JIMHHUNA
B CIIEKTpPax, T. €. IMPOBEAEM HUX KOPPEKTHpOBKY. Brinenure kononky C u, BbI-
3BaB KOHTEKCTHOE MEHIO, Ha)KaB MPaBYI0 KHONKY MBIIIN, BEIOEPHUTE MyHKT Set
Column Values (ycranoBuTh 3HaueHHe CTONOIA). B TMOSBUBIIEMCS OKHE
(puc. 6.2) BBeauTe GOpMyITy U1 HCTUHHOM UHTEHCUBHOCTU [, .

Set Column Values E|
Absf) Eor row (il |1 to |2120
Abzolute value

|a|:|3[] ﬂ Add Function

| collt) ~|  AddCalumn

CallC)=

Col(B)A[1+[1(exp(1.4388*Col[a)/750)1 )]

ak. Cancel

Puc. 6.2. BBox ¢hopMyIibl 17151 BBIYUCIICHUS 3HAYEHUH B CTONIOIE TAOIHIIBI

[ToaTtBepauB BBeneHHy0 ¢Gopmyny Haxaruem kHomku OK, xomonka C
ABTOMATUYECKU 3allOJIHUTCS 3HAYCHUSIMH WMCTUHHOM WHTEHCUBHOCTU. ITO
yIoOHO, T.K. B TaOJHUIIE COXPAHUIUCH U SKCIIEPUMEHTAIBHBIM U CKOPPEKTHUPO-
BaHHBIN CrieKTpsI (Tabmuma 6.1).
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OTo0pa3uB cnekTpsl Ha rpaduke, Bbl JODKHBI MOJYYUTH CIEIYIOIIEe

Tabmuma 6.1.
AX] B[] C[v]
1 13.08955 4813,41309 119,3646
2 13.64955 4938,69043 12764258
3 14.20955 5254,30811 141,29573
4 14.76955 5369,.7793 150,01155
b 15.32955 5382.65283 165,98922
[ 15.88955 5372,92432 161,30916
i 1644955 5403,16455 167,84439
[i] 17.00955 5421,79883 174,06394
g 17,56955 5463,49414 181,08053
10 1812955 5606,37402 188.21811
11 18.68955 5572.,5249 196,25811
12 19,24955 5671,79346 205,62973
13 19.80955 5770,69238 215,18679
14 20,36955 5835,22461 223,62497
15 2092955 5899,75439 232,18992
16 21.48955 5992.82715% 242,03431
17 22.04955 6011,33496 248,97564
18 22.60955 6033.48389 256,10299
19 23.16955 6164,74512 268,01293
20 2372955 6294,46387 28011717

(cm. puc. 6.3):
25000 ~
20000
£ 15000 —B
S ——C
om 4
s
2
£ 10000 -
T
S -
5000
04 /\J/\/\ AN
| ! | ! | ! | ! | ! | ! | !
0 200 400 600 800 1000 1200
yacToTa

Puc. 6.3. cxoaHblil CIEKTP U CHEKTP, CKOPPEKTUPOBAHHBIN C YIETOM TEMIIEPATYPHOTO
(dhakTOpa 3aceeHHOCTH
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7. IIpocThie onepanum co CieKTpaMu

B atom pazzmene Ha mpumepe naHHbIX U3 Qaitna PZTRamesh wmsr pac-
CMOTPUM BO3MOJKHBIE TIPOCTBIE OTEpaIuu co crekrpamu. Jlns Hagama otoOpa-
3UTE Ha rpauKe CIEKTP reTEPOCTPYKTYPHI, KOTOPBIH conMepKuT crekTp SrRuO;
u Pb(TiZr)O; (konmonka FilmSRO). Ins Toro 4ytoObl M3 CIEKTpa BBIUECTh JIHU-
HEWHBIN (OH, BOCIONB3YHTECh MEHIO T00IS (MHCTpYMEHTHI), B KOTOPOM BBIOE-
pure nynkt Baseline (6a3oBas nmunus) (puc. 7.1). IlosButcs okno Baseline
(puc. 7.2).

g -C .
[E] File Edit View Graph Data Analysis | Tools Format Window  Help

S| @[&|E  opters. el =l R E E

- - f—— Reactivate Reminder Messages

= | 2| %] | .

Bam =10 = B[ U] pea ] . ]|
—1

o [ FimSRO |
—_ Linear Fit

3 Palynomial Fit

i Sigrnoidal Fit

= 5000 ¥

— Eit Comparisor..,

; PackAnpack OPK Files...

— Uninstall OPK Files..,

1]

7 4000

&

7 [

O =

o ‘» 3000

s

&~ >

] 2000 -

il

1000
0 T T T T T T I T T T T
0 200 400 600 800 1000
X Axis Title

Puc. 7.1. Beibop nynkra meHto Baseline
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Baseline  JFEE]

Baseline |F'eaks| Area I
— Create Bageline

 Automatic  # pts I'IIJD
IF'Dsitive peak. algorithm ;I

* User Defined Equation

N —

™ Usze Existing D ataset

Datagzet I
Create Baseline |

—Edit Bazeline————
Subtract |
Unda Subtraction |
hd dify |

Puc. 7.2. OkHo 17151 3aaHus MapaMeTpoB 6a30BOM JIMHUH

B stom okHe Ha 3aknanke Baseline B mone Create Baseline (co3nats
0azoByro nuHH0) B cTpoke User Defined Equation (ypaBuenue, onpenerse-
MO€ T0JIb30BaTeIeM) 3aaiiTe 3HaueHue (poHa, KoTopblil Oynere BeIUMTaTh. [10-
Clie 3TOro co3aaiiTe 3Ty 0a30ByI0 JIMHUIO, HaXKaB Ha kHonky Create Baseline
(co3gate 0OazoByro JmHHIO). Ha rpaduke oToOpasuTcs 3Ta camas JIUHUS

(puc. 7.3).

1= e e e e e

ITI Arial v"ﬂ x BIIIUIKZI"zl"%IuBIAIA'”lidl
I

~IF =[] -1 =1 -]

Boseline  KABEE] [ —— FilmSRO |
Baseline | Feaksl Area I
i~ Create Bassline

© Automatic  #pts [100

5000 - Positive peak algaritm _~ |

¢ User Defined Equation
= [400

£ Use Existing Dataset

Dataset I
Create Baseline

i Edit Baseline —————————
Sublract |

Unda Subtraction |

Madity |

4000

3000

Y Axis Title

2000

Lslzlelv]olm|Na ||| = e +| 2|2 7]

1000

0 200 400 600 800 1000
X Axis Title

Puc. 7.3. 3amanne 0a30B0¥ JIMHUU B BUIE KOHCTAHTHI

Tenepb, uTOOBI BBHIYECTh M3 CIEKTpa YKa3aHHBIA BaMU (OH, HY>KHO Ha-
aTh Ha KHOMKY Subtract (Beruects) (puc. 7.4), oroOpa3utcs pe3ysbTaT BbIUH-
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TaHus (oOpaTUTE BHUMaHWE Ha TO, YTO TpaHK ICITMKOM OIyCTHJICS BHHU3 Ha
400 enunwMIL).

DR EEDRE = s EE 8 B & REF ]| /IRE & 2 =EIE (o]
E|g)| Fm| =] 2l6E =% oz !Eillhl\
T arial vl hd BlIlUl"Ql"zI"flEBlAIf;”lidl dlD L”l:|;l- v"E[- 'l|
.
B [——FimSRO |
E 5000 Baseline A=
i Baseline IPeaksl Area I
=] - Create Baseline
T " Automatic  # pts Iﬁ
T 4000 [Pasitive peak algorthm |~
? @ User Defined Equation
? Y= [400
: ™ Use Existing Dataset
Z g 3000 + Dataset
o = Create Bassline
@ @8
| > — Edit Baseline
S|
% >- Undo Subtraction
F Modify
— 1000 ~ -

T T T T T T T T T T T 1
0 200 400 600 800 1000

X Axis Title

Puc. 7.4. Pe3ynbTaTr BBIYUTAHUS U3 CIIEKTPA MOCTOSTHHOTO (poHa

Jlnst Toro 4ToObl BBIYECTHh JIMHEWHBIM HAKIOHHBIM (OH M3 HCXOJHOTO
cnektpa, HyxkHO B ctpoke User Defined Equation 3anate 3Hauenue GyHkuum.
Hampumep, ecnu BBectn pynkimio 2900 —4- X, To mociie HaxaTUsI HA KHOTIKY
Create Baseline 6a3oBas nuHus OyJeT BBINIAACTh CICAYIOIUM 00pa3om
(cm. puc. 7.5).
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A EEEEEEEEEE
[ ae P =1 Bl 7 |o]=] <[ {eslA] | [=I——=1F <1 =]p I ] |
1 Baseline _ IFAERE]

B aseline | Peaksl Area I
i~ Create Baseline

" Automatic  #pts 100

5000 4 IF’oswlive peak algorithm vl

% User Defined Equation

= IESDD-d"X

" Use Existing Dataset

D ataget I

i~ Edit Baseline
Subtract
Undo Subtraction
Modify

4000

3000

2000 +

Y Axis Title

1000

slzlelve|m|N|2 ||| |s|m|+]| 2|2 F] |

-1000

0 200 400 600 800 1000
X Axis Title

Puc. 7.5. 3aganne 6a30BOi TUHUU B BUJIC TUHEHHON (YHKIIUH

Pe3ynbrar BeIYMTaHUS TIPEICTaBIIEH HA pUC. 7.6.

FilmSRO
3000
2000
LY
=
2
<
> 1000+
04
T T T T T T T T T T T
0 200 400 600 800 1000

X Axis Title
Puc. 7.6. Pe3ynbraT BBIYMTAHUS U3 CIIEKTPA JIMHEHHOTO (poHa

Takke U3 crekTpa MOKHO BBIYMTATh M HeIuHEeWHbINH ¢oH. [Ipoaenas ana-
JIOTUYHBIE IEUCTBUS, 3a/1ailiTe HEMMHENHYIO (DYHKIINIO, HAIIpUMeEp,

1/(0,00022 + X -0,0000007)— 800

Bun 6a30Boif mUHUM MpeACTaBleH Ha puc. 7.7., a pe3yabTaT BbIUUTAHUS - Ha
puc. 7.8.
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e EE e R EEE

o o0 ] B[] oo A [T = ]
—1
5 boscline IR
oY Baseline |F‘eaks| Area |
— - Create Baseline
3 1  Automatic  # pls W
% 5000 - Positive peak. al CUWEEMB-‘
E|
? " Use Existing D ataset
7 4000 < Dalasetl
: Create Baseline |
Z g i~ Edit Baseline
! |: 3000 - Subtract |
1 o Undao Subtraction |
B é Modiy |
5 > _
M 2000
]
1000 —
0 ——— 7
0 200 400 600 800 1000
X Axis Title
Puc. 7.7. 3ananne 6a30BOi TUHUY B BUJIC HETUHEHHON (YHKIIUH
| —— FilmSRO |
2000
Q0
=
é’ 1000 ~
>
04
T T T T T T T T T T T !
0 200 400 600 800 1000
X Axis Title

Puc. 7.8. Pe3ynbTaT BIYMTAHUS U3 CIIEKTPa HEMMHEHHOTO (poHa

Obpamume sHuMaHue, 4mo npu 6bIMUMAHUY POHA USMEHACMCS He MOIbKO 2PAGUK,
HO U UCXOOHAst madbauya OaHuwix!
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BbrdecTh U3 cliekTpa JUHEHHBIH (POH MOXKHO M JPYTHMM CIIOCOOOM, BOC-
noJsp3oBaBmuck MeHio Analysis/ Subtract/ Straight Line (ananu3/ Berunranue/
npsimast iuHus) (puc.7.9).

copTH

[E] File  Edit view Graph Data Analysxs Toals Format Wlndow Help

1

s[zlelv]e|m|\|a ]| = sl +] 2|2 7|

Y Axis Title

Simple Math,.. _I _I EED i@ _” @l@l. H Sl|=2(esl =(E | |
Smoathing
FFT Filter
Calculus _"ﬁ"—"L—;"EI—_l |
Sulbtract Reference Data.,
Translate
Average Multiple Curves | Fllm S RO
Interpolate/Extrapolate. ..
ERT

/000 4 Fit Linear
Fit Bolynomial...
Fit Exponential Decay 4
Fit Exponential Growth

4000 Fit Sigrnoidal
Fit Gaussian
Fit Lorentzian
Fit Multi-peaks 4

3000 MNon-linear Curve Fit »

2000 4

1000 +

0 , . , : , : I : I . I ,
0 200 400 600 800 1000
X Axis Title

Puc. 7.9. Bribop nynkra mento Analysis/ Subtract/ Straight Line

[Tocne BbIOOpa MaHHOW OMIMU Kypcop MNPUOOpPETET BHUJA KPECTHKA
(puc. 7.10), c mOMONILI0O KOTOPOTO BbI 33Ja€T€ HAYAJIO U KOHEI[ NPsIMOIl JIMHUH,
HakuMas kinasuinry Enter. JImHus mosBUTCS Ha OYEHb KOPOTKHHA MPOMEKYTOK

BPEMCHH, W aBTOMAaTHYECKH OTOOPA3UTCS pPe3yibTaT BBIYUTAHHS JIMHEWHOTO
dona (puc.7.11).
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Y Axis Title

## OriginPro 7 - C:\Documents and Settingst AamyHicTpaTtopiPaboqni crtoniMycop ¢ pabodero crona - oTcopTiy
File Edit Yiew Graph Data Analysis Tools Format Window Help

0 = EEE T EE R E S EE E E )
B 2| ®m| =] S| %] o]

Proa A0 =Bl x|u) ] x| «ifasl Al « || I ]— 17 1T -/ ] -]
[R5
< [~ FimSRO
=
i
| 5000
E 4000
! '
= +
4 =
= =
o ® 3000
2
o S
4 2000
El
1000
0 T i T J T T T T T x T 1
0 200 400 600 800 1000
X Axis Title
Puc. 7.10. Pe3ynbpTar BEIUUTaHUA U3 CIIEKTpa JTUHEHHOTO (hoHA
| —— FilmSRO |
2000
1000
04
-1000 T . T . T . T . T . T .
0 200 400 600 800 1000
X Axis Title

Puc. 7.11. Pe3ynbTaT BEIYUTAHKS JIMHEHHOTO (POHA C UCITOTH30BAHUEM MEHIO
Analysis/ Subtract/ Straight Line
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[Tomumo BbruuTaHus (POHOB, MO’KHO BBIUMTATh CIIEKTPHI IPYT U3 Apyra. B
KauecTBe mpumMepa paccMoTpuM ToT ke ¢aiinm PZTRamesh. Ortobpasure Ha
rpaduke crektp SrRuQO; (xomonka SRO) m CHEKTp TeTepOoCTPYKTYPHI, COAEP-
xarmuii criektp SrRuO; u Pb(TiZr)O; (xomonka FilmSRO). Bocmonb3yiitech
merro Analysis/ Subtract/ Reference Data (ananu3/ Beruntanue/ cchbiika Ha
naHHeie) (puc. 7.12).

% OriginPro 7 - C:\Documents and Settings\AamMrHicTpaTopPabouwii cron'Mycop ¢ pabodero cTosia -«
[E] File Edit ‘iew Graph Dats | Analysis Tools Format MWindow Help

Simple Math... J _I l_l— | _” EAENE] _I Emlmm =lE I@

= w0 = Srmoothing L4

=] mlm| _|5 = 21 e v

|—_[11 a2 = B|r U] ckis ; aE_ )

Subtract 3 L 1ata...

ﬁ Translate L3 Straight Line

& Average Multiple Curves 8 RO
E Interpolate/Exirapolate... FimSRO
T {5 =

E 5000 4 Fit Linear

? Fit Polynomial...

_ Fit Exponential Decay L3

? Fit Exponential Growth

‘7 4000 Fit Sigrnoidal

: Fit Gaussian

7 Q Fit Lorentzian

e E Fit Multi-peaks b

il 3000 o v

@ .9 on-linear Curve Fit

Y LW

8 >

M| 2000 -

%]

1000
0 T T T T T ! T U T Y T
0 200 400 600 800 1000
X Axis Title

Puc. 7.12. Beibop nmynkra merro Analysis/ Subtract/ Reference Data

VYV Bac nomkHO nosBuThbesa auaniorooe okHo Math on/ between Data
Set (Maremarudeckue neiicTBus ¢ Habopamu JaHHBIX) (puc. 7.13), B KOTOpOM B
cnucke Available Data (moctymHbie naHHBIC) BHIOCPUTE M TIEPEMECTUTE K-
Jaemble HAOOpPHI MaHHBIX B ToJs Y1 U Y2, UCTIONB3ys KHOMKY =>>. YKaXUTE B
okomke operator (omeparusi) HEOOXOAMMOE MaTeMaTUYeCKOe ICHCTBUE U3
NpeCTaBICHHBIX B criucke (+, -, *, /, M)Ilocie HaxxaTus Ha kHonky OK Ha rpa-
¢uke oToOpazuTcs pe3yabTaT BBIYUTAHHS U BEIYMTAaeMbIi rpaduk (puc. 7.14).
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Math on/between Data Set

Awailable Data: ¥: DataZ_FilmSRO Hel
Data?_Difference => | ¥1:[Dataz_FilmSRO cP
Data2_FilmSRO Y=Y [#.-5] Y2
DataZ_SRO gperatur:l—_ *+-*1"] Y.¥1:data set YZ:data
or number
= | Y2:|Data2_SRO

oK I Cancel

. OKHO MaTeMaTUYECKUX JIEHCTBUI CO CIIEKTPAMHU

Puc. 7.13

—SRO
— SRO - FIimSRO

T

T T T

T T T T
400 600 800 1000

T
0 200

Puc. 7.14. Pe3ynpTar BEIUNTAaHUS CIEKTPOB
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8. CriaxxuBaHue CIIEKTPOB

JlaH cnekTp reTepocTpyKTypbl: Ha moioxkky SrTi0; HaHeceHa TUIEHKA
SrRuQO;, koTOpast ABISIETCS MPOBOASIIUM 3JIEKTPOJIOM U MOJTHOCTHIO SKPAHUPY-
€T CHEeKTp NOoANoXKKW. Ha »3yekTpoj HaHeceHa IUJIEHKAa CEeTrHETOXJIEKTpUKa
Pb(TiZr)Os Tommunoit 150 M (dhaiin PZTRamesh).

B kosoHke A mpeacraBieHbl 3HAaUEHHs 4acTOThl, KosloHKa SRO cooTBet-
ctByeT cnekTpy SrRuO; Ha aHanOrMyHON MOJJIOXKKE, HO €HE /10 HAaHECECHUS
wienku Pb(TiZr)O;, B kononke film+SRO npencrasien crnekTp reTepocTpyKTy-
pbl, KoTOpbii coaepkuT crnektp SrRuO; u Pb(TiZr)O;. Komonka Difference —
3TO Pa3HOCTb MEXKAY CHEKTpaMH — U3 CIEKTpa T'€TePOCTPYKTYpPhl BBIUMTAEM
CIIEKTp 2JIEKTpoJia U mojiydaeM crekTp Tojbko Pb(TiZr)Os;. Cnektp Difference
JNEeUCTBUTEIBLHO O4YeHb 0u30K K crektpy Pb(TiZr)Os. Ilomydenusie rpaduku
MpeCTaBIEHbI HA puc. &.1.

5000 —SRO
| —— FilmSRO
—— Difference
4000

WHTEHCMBHOCTb (OTHOCUT. €4.)

! | ! | ! | ! | ! |
0 200 400 600 800 1000
v, cm’

Puc. 8.1. CnexTpsl ¢ 3aMETHBIM TEIJIOBBIM LIIyMOM

MO’KHO MPOBECTH CTIIAKMBaHUE, T.€. YCTPAHEHHE TEIUIOBOTO Iryma. [
ATOTO BOCTIOJB3YyWTECh HA MAHETU HHCTPYMEHTOB MeHio Analysis (ananms) u B
BbIMagaromemM crucke BbiOepuTe Smoothing/ FFT Filter (crimaxusanue/
¢unbrpanus Oypoe) (puc. 8.2).

52



© Hcakona O.I1., Tapacesuu 1O.1O., 0310k FO.1, 2007

B OriginPro 7 - I:40rigin'PZTRamesh - [Graphi]
[E] File Edit View Graph Data [ snalysis Tools Format Window Help

s|zle|v]o|m|~[2[N|4] : | |m|+| 2|2 5|

JlomwkHo mosiBUTHCsE okHO Smoothing (puc. 8.3), B koTopoM B crHcke
Enter Number of Points (BBeaure komuuectBo Touek) maker Origin mo ymour-
YaHHUIO MPEANojaraeT Yuciio Touek 5. OnpenesinTh ONTUMAIBLHOE YUCIIO TOYCK
JUTSL CTJIQKUBAHUS MOYKHO TOJIBKO OMBITHBIM IyTeM. Eciu rpaduk mosryyaercs
CITUIIIKOM «JIOXMaThIM», TO YHCIIO TOYEK HAJ0 yBEIH4YHTh. Ecin Ha rpaduke uc-
4e3al0T HEKOTOPbIE BaXKHBIC JETAIN, TO YHUCIIO TOYEK HAI0 YMEHBIIUTh. B crim-
cke Smoothed Line Color (uBeT criaxuparomieil TUHUN) BEIOEPUTE LBET KPH-

Simple Math..,

Smoothing
FFT Filter
Calculus

=l 2l GE el 2

Sarvitzky-Golay...
Adjacent Averaging...

EEEEEEE

Subtract
Translate

Awerage Multiple Curves
Interpolate/Extrapolate.,.
EFT...

5000 ~

Fit Linear
Fit Polynamial...

4000

Fit Exponential Decay
Fit Exponential Growth

— SRO

I FiIimSRO

- Difference

Fit Sigrnoidal

Fit Gaussian

Fit Lorentzian

Fit Multi-peaks 3

3000

Mon-linear Curve Fit

2000

WHTEHCUBHOCTb (OTHOCUT. €4,.)

1000

Pyt

400

600

v, cm’

800 1000

Puc. 8.2. Boi6op criocoba criaxuBaHus TaHHBIX

Boit, HaskmuTe Apply (mpumenuts) u OK.

Smoothing

Apply

0K

Cancel

Enter Number of F"uints|1 5

Smoothed Line Culurl vl

Puc. 8.3. [lapameTpsbl CriiaxXxuBaHus
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ITo ymomuanuio maker Origin mpoBOAUT CriiakuBaHue i1 KOJIOHKH SRO,
T. €. JUIsl TepBOro Habopa [aHHBIX, COOTBETCTBYIOIIUX CHEKTpYy SrRuO;
(puc. 8.4).

5000 SRO
FilmSRO
‘ Difference
4000 < —— 15 point FFT Smoothing of Data2_SRO

WHTEHCUBHOCTb (OTHOCUT. ef.)

3000
2000
1000 +
0 T T T T T T T T T T
0 200 400 600 800 1000
v, cm’”

Puc. 8.4. Pe3ynbrarhl crioaxuBanus

s BeiOOpa apyrux HaOOpOB JaHHBIX IIETKHUTE MPaBOM KHOMKOW Ha
UKOHKE CJ0sl (Cepblid KBaJpaTUK B BEPXHEM JIEBOM YIIy), U B IpeAjiaraeMom
CITUCKE OTMETHTE TAIOYKON HEOOXO0IMMBIE BaM AaHHBIE (puc. §.5).

B OriginPro 7 - I\ Origin PZTRamesh - [Graphi]
[E File Edit view Graph Data Analysis Tools Farmat Window Help

0 = EEEE O EE R EEE
S e E N ==
mae o o] Bl u<] ] <aslA] < | I F . e ]
— 1
Hide Layer
lE Delete Layer
== Add/Remove Flot...
% Plot Associations...
— Layer Properties...
? 1 gl Dataz : ACK), SRO(T) —— SRO
= —— FilmSRO
] Difference
T 4 Smoothedl : 430, Data2SRO(Y) —— 15 point FFT Smoothing of Data2_SRO
= E
i
i ‘_‘n’ 3000
s &
li= 5]
o 3
M s 2000 4
%] I
=l [}
it
L
=
1000 ~
0 N T T T T T T T T T
0 200 400 600 800 1000

Puc. 8.5. Boe16op Habopa qaHHBIX JUIs CTIAKUBAHUS
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CriiaxuBaHue MOXHO TIPOBECTH M ApYyruM criocobom: B MeHIo Analysis/
Smoothing (ananu3/ crnaxxuBanue) Bocmonb3yiitech Gynkiueii Adjacent Av-
eraging (ycpemHeHHE IO HECKOJBKUM TO4YKaM). [IoSBHTCS Takoe e OKHO
(puc. 8.3), kak u npu ucnonp3oBanuun FFT Filter (bunsTpanus dypre). Boi-
NIOJTHUB HEOOXOIWMBIC NEHCTBHSI, BBl MOJYYUTE PE3yJIbTaT, IMOXOXKUH Ha pe-
3yJbTaT, IPEeACTaBICHHbIN Ha puc. 8.6. OTIMYNE COCTOUT B TOM, YTO B JIET€HJIE
0oTOOpakaeTcsi Ta OIS, KOTOPYIO BBl MCIOJIB30BAIM ISl CTVIAKHBAHUS: JUIS
¢mipTpanmu Dypre — abOpeBuatypa FFT, mis ycpemHeHus mo HECKOJIBKHM
cMexHbIM ToukaMm — AA (puc. 8.7).

— SRO

5000 —— FilmSRO

—— Difference

—— 15 point FFT Smoothing of Data2_SRO

—— 15 point FFT Smoothing of Data2_FilmSRO
15 point AA Smoothing of Data2_Difference

4000 —

3000

2000+

MNHTEHCUBHOCTb (OTHOCUT. ef.)

1000

el

T
1000

T T T T T T T T
0 200 400 600 800

v, cm’

Puc. 8.6. Pe3ynpTaT criaxuBanus BceX CIEKTPOB MeTo1IoM Dypbe-huibTpanuu

— SRO

5000 —— FilmSRO

Difference

15 point AA Smoothing of Data2_Difference
— 15 point AA Smoothing of Data2_FilmSRO
—— 15 point AA Smoothing of Data2_SRO

4000 —

3000

2000 +

WHTEHCUBHOCTb (OTHOCUT. ef.)

1000 +

Mol b
Tt plidny

T T T T T T T T T
0 200 400 600 800 1000

v, cm

Puc. 8.7. Pe3ynbTat criiaxuBaHusi BceX CIIEKTPOB METOAOM YCPEAHEHHUS
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——SRO

5000 FilmSRO
—~ —— Difference
g ] —— 100 point AA Smoothing of Data2_SRO
E 4000 —— 100 point AA Smoothing of Data2_FilmSRO
5 100 point AA Smoothing of Data2_Difference
Q _
'_
A=)
o 3000
[
[5)
3 _
I
S 2000
5 _
I
[ _
[t
T
=

1000

0 .

Puc. 8.8. [Ipumep HENPaBUILHOTO BBIOOpA KOJIMYECTBA TOUEK TS
YCPEIHEHHUS: TIOTEPSIHBI BAXKHBIE IETAIH CIIEKTpa
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9. AnpokcuManus CeKTPOB JIOPEeHIMAHAMU

B ¢aiine D16fig3rus mpuBemeHsl 3KCIEpUMEHTAIbHBIC 3HAYCHHS CIICK-
Tpa, KOTOPbIE MBI Oy/IeM HCIIOJIB30BaTh JJIsl JEMOHCTPAIUMHA BO3MOXHOCTH TaKe-
ta Origin anmpoKCUMHUPOBATH CIIEKTP HAOOPOM JIOPEHIIMAHOB
2A w

T 4()6—)66)2 +w

rac A - HMHTCIpajJIbHAsl MHTCHCHUBHOCTDL IIMK4, X, — HaCTOTa MaKCUMyMa, W —

Y=Yyt

b

NOJIyLIUPHHA, ), — CMEILECHHUE.

Jlyis Havanma HEOOXOAMMO MPOM3BECTH KOPPEKTHPOBKY CIIEKTpa Ha TEM-
neparypHbli ¢aktop. [[o6aBuB K TabiHile HOBYIO KOJIOHKY M BBIJICIIHB €€, B OK-
He Set Column Values (ycraHoBuTh 3HauYeHHE CTOJI0LA) BBeauTe (HOPMYITy
(6.1), mocne yero B HOBOW KOJIOHKE IMOSIBATCSI 3HAYEHUS CKOPPEKTUPOBAHHOIO
cnektpa. OTOOpa3uTe MOJMyYEHHBIH CIEKTp Ha rpaduke B Buae Line (imwmHwms).
Teneppr B menro Analysis (ananus) BeiOepute nynkt Fit Multi-peaks/ Lor-
entzian (anmpokcuManus GyHKIUEH ¢ HECKOJIBKUMH MaKCUMyMaMH / JIOPEHITU-
aHn) (puc. 9.1).

[E] File Edit view Graph Data Ana\ysis'TDD\s Format Window Help

0 & Simplevath.. =| & [=E o) E| asE] & Sl =
- =TT —— Smoathing »
Ele] mlo| 2] Bl e ,
B brial .[||J | B I| g| Calculus 3 _;"E“:_;”-_;"E"-_;I |
1 Subfract >
Translate »
" [—c<l

Average Multiple Curves
Interpolate /Extrapalate. .
600 EET

Fit Linear

Fit Ealynomial...

500 + Fit Exponential Decay 4

Fit Exponential Growth
Fit Sigmoidal
400

Fit Gaussian

Fit Lorentzian

Gaussiar...

200

Y Axis Title

200 4

Lslzlelv|e|m|N || |H]x e m|+| 2|2 #|

100

400 500 600 700 300 900
X Axis Title

Puc. 9.1. Beibop pexxuma anmnpokcumaruu GyHkmuei Jloperma

Ha skpane nmosiButcst okHO, B kotopoM B criicke Number of Peaks Bam
HYXXHO OyJeT yKa3aTh KOJHYECTBO MUKOB — 6 M MOJATBEPAHMTH 3TO KOJIHMYECTBO
Haxxatuem kaonku OK (puc. 9.2).
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Number of Peaks 0K

Cancel

Puc. 9.2. BBox 4ncia IUKOB

B cmenmBmemcs okue B crucke Initial half width estimate (mauanbnas
OIICHKA TOJYIIUPHUHBI) IO YMOJIYaHHI0 OyIeT MPeaaoKEeHO 3HAUYCHHE IMOJIYIIH-
PUHBI KPHUBOH, KOTOpOE HY)KHO TaKKe MOATBEPAMTh HaxkaTheMm KHomku OK

(puc. 9.3).

Initial half width estimate 0K
Cancel
7,93333

Puc. 9.3. BBox HauanbHOM OLIEHKM NOJYLIMPUHBI THKA

3areM KypCOpOM B BHUAC KPCCTHKA OTMCTHTL BCC 3TH IMHMKHW Ha CIICKTPC.
CDI/IKCElHI/IH INOJIOKCHHA MAKCHMMyMa IPOUCXOAUT IIPH HAXKATHKM Ha KIaBHITY

Enter (puc. 9.4).

1000 -
800
600

400

Y Axis Title

200

400 500 600 700 800 900
X axis title

Puc. 9.4. I'padnyeckuii BBOJ NOJIOKEHUSI MAKCUMYMOB Ha TpaduKe CreKTpa
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[Tocne ykazaHus MOCIEIHEro Muka Ha rpaduke 0TOOpPA3UTCS amMmpOKCH-
MUpYIOIIas JIMHUSA U 6 JOPEHIIMAHOB, KOTOPHIE UCTIOIB30BAIKCH ISl TIOATOHKH
cnektpa (puc. 9.5). B npotokoine pe3ynbraroB Results Log Oyanyr 3anucans
BCE 3HAYCHMUSI TAPAMETPOB TTUKOB.

1000

800

600

400

Y Axis Title

200 +

! | ! | ! | ! | ! |
400 500 600 700 800 900
X axis title

Puc. 9.5. Pe3ynprar annpokcuMaIiy crieKTpa HabopoM JOPEeHIIMaHOB

Lorentz(6) fit to Datal C:
Chi*2/DoF 74,23194

R"2 0,99503

Peak Area Center Width Height
1 15495 739,06 88,554 111,40
2 22049 520,57 32,641 430,05
3 3797,9 505,50 15,791 153,11
4 156,56 471,62 4,2640 23,375
5 20069 564,22 86,666 147,42
6 8930,4 628,71 76,767 74,059

[TapameTp uMeroT cMbIch: area ( A ) — MHTeTpaibHasi HHTCHCUBHOCTH MMHKA, Cen-
ter (x,)— yvacrota Makcumyma, width (w) — momymmupuna, height (2% w) —

aMIlINTyaa.
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ATTIPOKCHMAIIUIO CIIEKTPa JIOPEHIIMaHAMU MOKHO TPOBECTH U C TIOMO-
o Mactepa anmnpokcuMaruii NLSF Wizard, kotopelit BeI3bIBaeTCS U3 MyHKTa
menro Analysis/Non-linear Curve Fit/Fitting Wizard. Ha stame BsiOopa maH-
Hbix Select Data cpenu nmpeioskeHHBIX TaHHBIX B KQ4E€CTBE 3aBUCHMOM Tepe-
MeHHO# B criucke Dependent Variable moxHo BeIOpaTh HYXHBIN HaOOp JaH-
HBIX BPYYHYIO, MPEIBAPUTEIILHO ycTaHOBUB (uiaxok B myHKT Select Dataset
Manually. HeszaBucumas nepemennas (Indep. Var.) ycranaBmuBaercssi 10O
ymoganuto. B aTom ke okHe B cicke Independent Variable Range (nnamna-
30H HE3aBHCUMOUW TIEPEMEHHOI) BBl MOXKETE yKa3aTh 3HAUCHUS JUAIa30Ha, IS
KOTOpOTro OyJIeT MPOBOJUTHLCS allpoKcuMalius, a Takxke B cnucke Data Display
Options momensTh mapameTpbl 0TOOpaskaeMbIX JaHHBIX (puc. 9.6). Ilepexon k
CJIETYIOIIEMY 3TaIly OCYIIECTBIsIeTCsI HaxkaTreM KHorku Next (manee).

Ha »srame BeiOOpa ¢ynkuuun Select Function Bam mnpemmaraercs
MHOXKECTBO pa3nuuHbIXx KaTteropuii Category, cpemu KOTOpbIX BBIOSpHUTE

B N\LSF Wizard - Select Data wHDe _ |0 x|
— Select Fit D ataset I
& Usze Active Dataset .
Select Data " Select Dataset Manually 600 :;‘
ot Funchion Indep. War, = Datal_& . I i
Dependent ‘W ariable g 3
Datal B - I
H
100 ) ¥
Fitting Cantral +
04
FIE:E:l.JItE: «io Edl'l ﬂdl'l TDID Sdll BI‘ID
— Independent ' ariable Range
From  |450 Ta |849,83
Select Range Graphicall_l,ll Reset Range
— Data Display Options
¥ Scatter  Size IS vl X Axiz Scale Type ILineal 'I
¥ Line Connect ISllaighl VI
— Current Fitting Selections———————————— —
Function: Mot Selected qul ‘_l_bl T|¢|L—>| Iﬁ @ @
Fit Data: Datal_C <% Backl Next»l Eancell Firizh |

Puc. 9.6. Bei6op Habopa qaHHBIX

Spectroscopy (cmekTpockomus), Ipu 3ToM B cmmcke ¢GyHKiui Function
aBTOMAaTUYECKH OTOOpaXKaloTCs BcE€ (PYHKIMHM, OTHOCAIIUECS K JIaHOM
kareropun. BeiOoepure ¢ynkmuto Lorentz. B okne Preview (mpocmotp)
npecTaBiIeHbl (opMyJia M BHEIIHUN BU naHoi pynkuuu (puc. 9.7).
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B NLSF Wizard - Select Function mMDg _ (O] %]
Category Freview
ot Peak Functions j . 54 w
¥ T— Fl F]
- +
Select Function a 4(?.’ x‘) W
A
New | Edit | Delete| veD e, ve)
itinig .
Function Dﬁ:tat'?uius
Fitting Cortrol Gatsstmp £e Efr.}{C—
IrezPol it n=2
areah=1 ye-y s
Pearsonill
Padvoiat]
Padvoigt? o=y O A0 8D y=0
Waigt
Add Delete 144 F're\-'ious| Memt >3 |
4 Ea e -]
2 [Staicht <]
Current Fitting Selections
Function: Laorentz | | | | | | | | | | |
Fit Data: Datal_C 4 Back| Mext 5 | Cancel | |

Puc. 9.7. Boibop annpoxcumupyrorieit pyHkuun

Ha mrare Peaks (mukw) ycranoBute ¢iaxxok B crimcke Multiple Peaks,
YKQKUTE YUCIIO MUKOB, MOCIE 3TOoro Haxkmute Ha kHomKy Pick Peaks u or-
METhTE MX Ha TpaduKe ¢ MOMOIIBIO Kypcopa B BHJIE KpeCTHKa, Haxxumas Enter.
V Bac NOSBSTCS BEPTUKAIBHBIE MPSIMBIE, POXOIAIINE Yepe3 muku (puc. 9.8).

B NLSF Wizard - Peaks

t Function

Peaks

ting

Fitting Cantral

R

el - [o] x|
Define Peaks =
800
[v Multipls Peaks
;I 600
Mumber of Peaks |6 =
400
Pick Peks | Cleardl |
aoo
200
When fithing a datazet with multiple peaks, i
gt Mumber of Peaks first and click on the oo |
Pick Peaks button to estimate the location !
and width of each peak. o]
o E[II'I E[II'I i’l'lll'l Sdll Bdﬂ

Data Display Options

¥ Scatter Size |8«
v Line Connect |Straight A

Current Fiting Selections

Function: Lorentz

Fit Data: Datal_C

£y

bz Scale Tvpe | Linear -

L84 Eack| Next>>| Cancel | Finizh |

Puc. 9.8. Yka3zanue nonokeHus IIMKOB Ha rpaduke
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[Tocne nHaxkatus Ha kHOMKY Next (manmee) mactep anmpoKCHUMAIMid mepe-
XOJIUT K CIEAYIONIEMY ATally U MpeJiaraeT yuectb Beca JaHHbIX (puc. 9.9). Mel
BeIOepeM BapuanT None (6e3 ydera BecoB), IpejIaraeMplil 10 YMOJTYaHUIO.

B NLSF Wizard - Weighting mHOE _ |Of x|

— Select Weighting
tethod : w=1

t Data

A ES

=ct Function ]
Dataset

Peaks Data'l_.f-\ 200 ]
Datal_B o ; %%
Weighting Datal_C b %

A TN
Fitting Cantrol

Fesults o 7 edo 7 edo 7 sdo 0 elo 7 edo

— Data Digplay Optiong

W Scater  Siee 8 <] KidisScale Type [Linews =]
[ Line Connect [Staight =]
— Curent Fitting S elections ——————————— _
Bt [ ore alal «|[ 2|35
Fit Data: Datal_C < Eackl Nth>>| Cancel I Finish |

Puc. 9.9. Bribop crioco6a yuera BECOB IKCIIEPUMEHTATBHBIX JaHHBIX

[Tocne nHaxkatus Ha kHOMKY Next (mamee) mpowcxomuT mepexon K clie-
nytomemy stamy Fitting Control (ynpasienue anmpokcumaniueii), Ha KOTOPOM
IIPOBOJIMTCS ANIPOKCUMUPYIOMIAs JIMHUSA, W €CJIA alliPOKCUMAITUS MPOoIa He
OYEHBb XOPOIIIO, TO MPUAETCS CAMUM BBECTH KOE-KaKHe ITapaMeTphbl, MCIKHYB I10
kHonke Parameter Display B npaBoM HrmkHeM yriay (puc. 9.10). [TosBuTcs ok-
Ho Parameter (mapamerpsr) (puc. 9.11), B KoTOpoM, CKOpee BCEro, MPUACTCS
MEHSTh 3HaYCHHS XC; U W;. B kononke Fixed Hy»HO MOCTaBUTH TaJOYKH HAITPO-

TUB MapaMeTpOB, KOTOpPbIE MOXXHO 3a(UKCHPOBATh, 3aTe€M pyKaMH HaOpaTh
IIPEANO0JIAraeMble 3HAYEHUS XCi U Wi.
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B NLSF Wizard - Fitting Control

Fitting Control

wHDg] [0 x|

— Dizplay Settingz

- = [958 e
Confidence Bands [%] =i

Prediction Bands (%) |95 :II

r— Fitting Contral
Iterations {100 « | Talerance ID

chiz | to0ker | Reset |

Iteration Results
------- Levenberg-td arquardt---- ;I

Reduced Chi-Square = 7431081
;Ij

Total rounds thiz session =19
------- Levenberg-hd arquardt------
Reduced Chi-Square = 74,31081
Tatal rounds thiz zezzion =0

6004

004

2oo

200

— Data Display Options

¥ Scatter  Size IB 'I
W Line Connect IStraight j'

# bwiz Scale Tope ILinear - I

r— Current Fitting S elections

Function: Lorentz

ala| <2135 Bl

Fit Data: Datal_C

Finish |

44 Eackl Ner:t>>l Cancell
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Parameter '

Chi Sar

1 lter.

=10lx

Refresh

100 lter. | Print

100 Simplex ter. | 0K
Marne | Value | Enor | Fived
] 072144 2.053%6 i
wcl 471 62365 0.43456 0O
wi 3.9768 1.41329 O
A1 14782461 4286714 0O
W2 505.47483 0.29278 0O
W2 1564938 1.43251 O
82 37232277 706.14995 0O
%3 52054307 0.37817 O
w3 32 77655 1.45134 0O
43 2224306688 1834.30703 O
wed 564.34632 1.50543 0
wd 8558975 8.20865 r
54 19634.54968 3052 64865 O
we 62855776 1.8424 0O
WS 77.1368 £.52824 O
L 035 45584 1456 E1621 1]
weh 739.99776 057655 O
wi 87.84906 2.96632
13 15307 07582 67694635 0l
al | vl

Puc. 9.11. IlapameTpsl anmpokcuMauu
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[Tocne Toro, kak Bl moxdepere napamerpbl, Haxxmute kHonky 100 lter.
(100 utTepanmii), anmpoKCUMUPYIOLIAsi JUHUS «ISDKET» HAa UCXOOHBIM CHEKTP.
Ternepr MOXKHO TIepexOoAWTH K 3aBepmiatomiemy dtanmy Results (pesynbrarsn)
(puc. 9.12), roe mocitie HaxkaTus kHonku Finish (rotoBo) Ha rpaduke orobOpa-
35ITCSI allIPOKCUMUPYIOIIAst IUHUS C 6-10 JIOPEHLIMaHAMU.

B NLSF Wizard - Results wHDg _ (O] x|

r— Create Output Graph(z]

Output Curve To:

Select Data

- ) Output Residuals TDZI I
Select Funchion e SIS 400+

[™ Confidence Bands
[ Prediction Bands
I Fit Results Latel 2m |

— Parameter Rezults

Fitting Contral ¥ Dutput to Results Log 1
[ Creats Results Workshest . T T " ;
400 &0 ado roo edn Bdo
Results Worksheet Mame:

IHesuIts

[ Save Fitting Session as a Procedurs File

r— Data Display Optian:

¥ Scatter  Size IB vl = Az Scale Tope ILinear 'I
|7 Line Connect IStraight VI

— Current Fitting Selections—————————————— = =
Function: Lorentz QlQl ‘_l_’l T|¢|L| Iﬁ @ |£

Fit Datar Datal_C << Eackl Mest >>| Cancel | Finish |

Puc. 9.12. Pe3ynprar annpokcuManuu

[Ton ocHOBHBIM TrpauKOM MOSBUTCSA TpadUK, JTEMOHCTPUPYIOMIHA OT-
KJIOHEHHE DKCIEPUMEHTAIBHBIX JAaHHBIX OT aNNpPOKCUMHPYIOIIEH KpPHUBOU

(puc. 9.13).
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—o— CnekTtp
—— PesynbTaT annpokcumavmm

MHTEeHCNBHOCTb
N
o
e

400 500 600 700 800 900

400 500 600 700 800 900

Puc. 9.13. Pe3ynpTar annpokcCUManyu U OTKIOHEHUE SKCIIEPUMEHTAIbHBIX TAaHHBIX OT
aNMmpOKCUMHUPYIOIIEH KPUBOM

Ecmu Bam TpeOyeTcs anmpoKCHMHUPOBAThH JIUIIh ONMPEACICHHBIA YIacTOK
CIIEKTpa, TO 3TO TOXKE MOXHO CHIeJaTh C MOMOIIBI0 MacTepa anmpoKCUMAaInH,
yKa3aB JIUIIb HEOOXOAMMBIN JHana3oH HE3aBUCUMOM TMepeMEHHOU (CM. BBIIIE).
3amaHHBIA TUana3oH 0TOOpa3uTcs Ha rpaduKe B BHAE CTPEJIOK HAa KOHIIAX OT-
pe3ka nociie HaxkaTus Ha kHonky Select Range Graphically (Beiopats quamna-
30H rpaduyaeckn) (puc. 9.14).

[IponenaB onucaHHbIE NEWCTBUS BBILIE, BBl AlIIPOKCUMHUPYETE HYKHBIN
Y4aCTOK CIIEKTpa: anmpOKCUMUPYIOIas JUHUS TMOSBUTCS JHUIIb B YKa3aHHOM
Jrarna3oHe.
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B NLSF Wizard - Select Data I = e ] 3

— Select Fit D atazet
% Lse Active Dataset
" Select Datazet Manually

Select Data

- ooo4
Select Function Itz Er = 31514 =
Dependent Variable non i
Peaks BT77K B - i
oo i i
ghting Ba7077_B Eﬁ 'IJ
Ba7077_C o | 4 ;
N BAI077_B ; 3?* 3
Fitting Contral BAZOFT_C N p— N —
BAI7T_D =

Fesult: — [ R R . T T

r— Independent 'V arniable R ange
From: 10,436 To: |1199,?1

Select Range Graphicall_l,ll Reset Hangel w= IE1 0.E73 ¥ = |5B1.33778

" Current D ata b arker Pozition

— Data Digplay Dptions

W Scatter  Size IE vl ¥ Az Scale Tpe ILinear 'l
|7 Line Connect IStraight 'I

—C t Fitting Selectione———————————— -
Functon: Not Sekcted SN Y R [ = A
Fit Data: BTF7E_C L2 Eackl Mext >>I Cancel | Finsh |

Puc. 9.14. Beibop HEOOX0IMMOT0 ydacTKa rpaduka

Yaiie crekTpbl anmnpoOKCUMHUPYIOTCS HE JIOpEHLMaHaMH, a (QYHKIHUSIMU
OCIIIILISATOPOB ¢ 3aTyxaHueM. CrekTp OObIYHO anmpoKcUMHUpyeTcs Habopom N
aJJIUTUBHBIX OCHUIUIATOPOB 110 hopmyiie (9.1):

N 2

4; Ty 0 @

I(@,T)= (n(@,T)+1)| )

2 222 2 2
o (wy;—0”) +1j 0

; 9.1

rae @, — cobcTBeHHas 4actoTa, |, — 3aryxanue (damping), A, — koHcraHTa,

MIPOTMOPIIMOHANIFHAS CHJIE i-TO OCIMILIATOpPa, N — YHCIIO TPEAIojiaraeMbIX ITH-
KOB B crniekTpe, a n(w,T) — dakTop TemnepaTypHout 3aceneHHocTH (6.2). Ecnm

CHIEKTp YK€ CKOPPEKTHUPOBaH Ha TeMIIepaTypy, TO OepeTcs TOIbKO YacTh (Hop-
MYJIBI B KBaIPATHBIX CKOOKaX.

Nmnoprtupyiite daitn BSTat77K u otobpasute criekTp Ha rpaduke.

Jyis Toro, 9TO0BI BBECTH CBOIO (hOpPMYITy JUIsl almpOKCHMAIIMU CIIEKTpa,
BOCTIOJNIb3yeMCsI TIOTyUYEeHHBIMH paHee HaBbikamMu. OTOOpa3uB Ha rpaduke JaH-
uele, B MeHio Analysis (ananmu3) Beioepute nynkTr Non-linear Curve Fit/ Ad-
vanced Fitting Tool (menwnelinas anmpokcumanus/ pPacUIMPEHHBIN HWHCTPY-
MEHT JIJIs annpokcumanun) (puc. 9.15).
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it Wiew Graph Data | Analysis Tools Format Window  Help

Simple Math.. ERNEEEEERE R EEE
Srmoothing > 4
FFT Filter 4
e > S S ] =1 ] |
Subftract 3
Translate 3
Average Multiple Curves
12000 Interpolate/Extrapolate. ..
EFT... -
] Fit Linear P
10000 Fit Polynomial... N
Fit Exponential Decay 4 &
T Fit Exponential Growth = e
Fit Sigmoidal . .
3000 - ) ) .
O Fit Gaussian & .
= | Fit Lorentzian ™ .
= Fit Multi-peaks r
o
5 BO00 —
>_ 5
4000 ’ .
- .
- . ." .'..
2000 S .
7] P e S,
“w/ Mm
0 T T
500 500
X Axis Title

Puc. 9.15. Beibop pexxnmMa anmpokcuMaIuu

[Mosieurest okHo NonLinear Curve Fitting, B koTopoM BaM HYKHO BBECTH
HOBYIO (YHKIIHIO, HaskaB KHOTIKY New (HoBbIi) (puc. 9.16).

Functions t+ Equation " Curve -

¥ =¥y

Line
Farabala
Cubic: b

New...| Edit.. |

Canstant baze line

Start Fitting... | SelectDataset...| Mu:ure...| Close |

Puc. 9.16. Bei6op annpokcumupyromien GyHKIun

B cMmenuBIIEMCs OkHE 3amaliTe uMs HOBOHM QyHKImu, B cicke Number
of Param. ykaxuTte uncio mapamerpos — 6, u B nosie Example Beeaure dop-
myay (9.1) (puc. 9.17). CoxpanuB HyHKIIHIO Ha)KaTHEM KHOIKH Save, mpeiam-
Te K BeIOOpY manubix (Select Dataset), menknys knonky Accept (mpuHsITH).
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¥ NonlLinear Curve Fi =10 x|

Name]user4 T}'palLlser-DefinEu;I FDrmIY-Script ;I
Murnber of Param. IE vI [~ Uszer Defined Param. MNames
Parameter Mames IF'1 P2 FP3 P4 FP5PE

|ndependent W ar. IH

Drependent 4 ar. Iy

E xample:
u=[ [ explx1. 4388771 -1 A1 +1 15 PURPZRI 2% A1

]
| <]
Save | Eancell Ml:ure...l .-“-‘-.l:ceptl

Puc. 9.17. 3aganue ypaBHEHUS alllIPpOKCUMUPYIOIICH (yHKITUN
y=( (exp(x*1.4388/77) - 1 )*(-1) +1 ) *( P1*P2*P3"2*x / ( ( P32 - x"2 )2 + P22 *x"2
) + P4*P5*P6"2%*x / (( P62 - X2 )2 + P52 *x/2))

Br10paB HyXHBII HA0Op aHHBIX, B CIHCKe ROW yKkaxxuTe Auamas3oH, Jis
KOTOPOro OyJIeT MPOBOAUTHLCA arpokcuManus (puc. 9.18).

¥ NonlLinear Curve Fi =10] x|

Y aniablez [ atazets Fitting R ange
BT77k B [EF0...900)

e e ET77K_&  [570..900]

Awailable Datasets Fitting Step Size [1=al) |1

et - | <=Row <= [300
Azzign = |

Start Fitting... | Select Funn:tin:un...l Mu:ure...l Elnsel

bar07¥_a
ha?N77 h LI
v Show current folder nnl_-,u

Puc. 9.18. 3aganue Habopa 1 quana3oHa armpOKCUMUPEMBIX JTaHHBIX

Haxxmute xHonky More (Gombiiie), OKHO pa3BepHETCS U MOSBUTCS ITAHEb
HHCTPYMEHTOB, Ha KoTopoi BeiOepute MeHio Options/ Constrains (omuu/ or-
panmuenusi). B crucke Lower Bounds (mwxkHss TpaHuIQ), ycTaHaBIUBas
braxxku UIsT KaKIOTO MapaMeTpa, 3aJaiTe 3HAUeHHWE OTPAHMUYCHUS — HUKHSISA
rpanuna > 0 ans Bcex mapameTpoB (puc. 9.19). Ecnu u3BecTHBI 00JaCTH BO3-
MOJKHBIX M3MEHEHUN HEKOTOPHIX MapaMeTpoB, TO WX MOXXHO 3a7aTh B BHJE
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IBOMHBIX HepaBeHCTB. HampuMep, MOKHO yKa3aTh MPHOIM3UTEIBHBIC 00IaCTH
pacIioNioKeHUsT IMMHUKOB, 3aJaBas JOMYCTHMYIO HIDKHIOW Tpanuiy (Lower
Bounds) u nommyctumyto Bepxuroro rpanuity (Upper Bounds).

i NonLinear Curve Fitting:

Cafegory  Eunction  Action

22 i [ P
Lower Bounds Parameter |lpper Bounds

2o ] ) =

A e DS |

F e T

2 o 7T O | ol

General Linear Constraints [~ Enabled

thn:uns SErlpts

SEnter general lingar constraints here®! ﬂ

B o

Bazic Mode

Puc. 9.19. BBoa orpannueHunii Ha 1Mana3oH U3MEHEHUS TapaMeTpOB

Bepnysmmck k ocHoBHOMY pexumy (Basic Mode), MoXHO pHCTYIHUTh
k anmpokcumariuu (Start Fitting). ¥V Bac mosBuTCS OKHO, B KOTOPOM HYXKHO 3a-
JaTh HadallbHbIe MPUOIMKEHUs a1 BceX mapameTpoB (puc. 9.20). Ecnu QyHk-
IIUsl UCTIOJIb30Bajach paHee, TO B KAYeCTBE HAYAIBHBIX MPUOIMKEHUH OymyT
HCTIONIb30BaThHCS CTaphbie 3HAUCHUS TTapaMeTPOB.

OT TOrO, HACKOJIEKO XOPOIIO BHIOPAHO HAYabHOE MPHOJIKEHUE, 3aBH-
CUT CXOJMMOCTb W PE3yibTaT aIPOKCUMANUA. BO3MOXHO, YTO HadaahbHOE
IPUOTMKEHNE OKAKETCS HEyJadyHBbIM, TOT/IAa 3HAYEHUS MapaMeTpPOB MPHUACTCS
MOIPEAKTUPOBATh, YTOOBI ANMPOKCUMHUPYIONMAs JUHUS HAWIYYIIAM 00pa3om
«JIeTJIa» Ha y4acTOK crekTpa. Ecmu ucnonb3yercss GyHKIMS ¢ OOJIBIIAM YUCIIOM
napaMeTpoB, MHOTa ObIBACT MOJIE3HO YacTh MapamMeTpoB 3aUKCUPOBaTh, yOpaB
raJIouky B KOJIOHKe Vary (BapeupoBath). B Hamiem ciydae yJadHbIM Hadallb-
HBIM TipuoOImkeHueM spisercs: P1=1, P2=10, P3=490, P4=10, P5=25, P6=530.
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e NonLinear Curve Fi =10] x|

Parameter Yalue Yary'Y Error Dependenn:y|
P1 j3269873 M £|0.00017 |n.5325?i{
P2 |7.18512 ¥ +|0.00006 [061172
P3 [486.20005 v +|0.00002 |02047
P4 53802302 I £|00003 [057319 |

duced
| o | ez Joooo4s | chigar| 1 e |[T00Rer]

Select Funu:tiu:un...l SelectDataset...l Mnre...l Done |

Puc. 9.20. 3Haduenust mapaMeTpoB anpOKCUMAIUN

[Tocnie mpoBeaeHUS anMpPOKCUMAIIMU Ha TpaduKe MOSBUTCS allpPOKCUMHU-
pyromas KpuBasi Ha TOM y4acTKe CIEKTpa, KOTOPBIA Bl yKa3anu paHee. Taxxke
0TOOpa3uTCs JIETEHAa CO BCEMHU 3HAYCHHMSIMH MapamMeTpoB, HO €€ MOXHO yJa-
JIUTh, TAK KaK BCE MMapaMeTpbl UMEIOTCA B MPOTOKOJIE Pe3yiabTaToB (puc. 9.21).

B OriginPro 7 - C:\Documents and Settings'\AaManvcTpaTtop \Pabouni cron'\Mocobre no Origin Ya A 7 =l=]x]
ile Edit Yiew Gri Data  Analysis Tools Format Window Help =l=x|

= e sl o Be| AlREDk 0 )&k BEE =EE o]
Ele] rlm| el 2o mim] sl el

w0 sl =L lwlals]| B E—oF SE e |
—

P2 486.20002 +0.00002
P4 538.02302 +0.0003
P32 2563816 +0.00002
PG 529.0001% +0.6447E-6

Axis Title

[&

S

A Data: BTT7K_B1

|32 Model: userd

] Equation: y=( { expbe 1 43887 T)- 1 (=11 +1 15 PIPIRIIN ([ P32 A3 192 + P82 503 | + PATPEPBATSf [ ( PEAE - 2 P2 + PRI 502 )
= Weighting

.;_ ¥ Mo weighting

E Chi*2/DaF =0.00049

7 R =1

e P1 32 68873 +0.00017
] F2 7.18512 +0.00006
I

]

)

S

M

%)

2000

. . T .
450 500 550 600
X Axis Title

NIER 32.69873 000017 N
| Type P2 7.i8512 0.00006 B
Worksheet P3 48620005 080002
Pa 53802302 08003
Warksheet P5 25.63816 080002
warksheet 6 529 00015 6.6447E-6

warksheet
Graph - =
i — . 5l | ;

1BT77K_C(E70-000)  [Graphs® | [Mum |

Puc. 9.21. Pe3ynpTar annmpokcumanuu
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Data: BT77K_BI1
Model: user4
Equation: y=( ( exp(x*1.4388/77) - 1 )"(-1) +1 ) *( P1*P2*P3"2*x / ( ( P32 - x"2 )2 +
P272 *x72 ) + P4*P5*P672*x / (( P62 - x"2 )2 + P52 *x/2 )

Weighting:

y

No weighting

Chi"2/DoF  R"2

0.00049 1

Parameter Value

Error

Pl
P2
P3
P4
P5
P6

32.69873
7.18512
486.20005
538.02302
25.63816
529.00015

0.00017
0.00006
0.00002
0.0003
0.00002
6.6447E-6

B cBolicTBax KOOpPAMHATHBIX OCEM Ha OCH X YKAXHUTE JIUIIb 3HAYCHUS

JMarna3oHa, Ha KOTOPOM MPOBOJIWIACH AMMIPOKCUMAIIUS, U B PE3yibTaTe MOJy-
quTCA cleayronui rpaduk (puc. 9.22).

12000

10000

8000

6000

Y Axis Title

4000

2000

’ , ’
500 550 600
X Axis Title

Puc. 9.22 Pe3ynapTaT anmpokcuManuu ydacTtka crnekrpa GyHkmueit (9.1)

Ynpasxcnenue. TlonpiTaliTech ymydmuTh pe3yibTaThl aNIPOKCHUMAITUH,
UCTIONIB3YsI OobIiee yucio ocmuuisaiTopoB (N =3 u 4 B popmyine (9.1)). B ka-
4eCTBE OpUEHTHUPA CM. puc. 9.23 u 9.24.
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Puc. 9.23 Pe3ynapTaT anmpokcuManuu y4actka crekrpa pynkmueit (9.1) ¢ N=3
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Puc. 9.24 Pe3ynapTar anmpokcuManuu y4actka crekrpa pynkmaueit (9.1) c N=4
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